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Abstract

In this work we report the results of structural and Mdossbauer spectroscopy studies for
Ba,Co,Fe,0,, samples prepared by coprecipitation following two different synthesis routes:
route A (pH = 10, NaOH + Na,COj; added dropwise), and route B (pH = 14, NaOH + Na,CO;
added one shot). The resulting powders were sintered for 4 h at different temperatures (700 °C
to 1100 °C in steps of 100 °C). The sintered powders were characterized by x-ray diffraction
(XRD) and room temperature Mossbauer spectroscopy. XRD and Mossbauer results of the
sample prepared by route A and sintered at 700 °C revealed formation of spinel phases
(CoFe,0O4 and/or Fe;0,4), BaCO; and BaM-type phase. The Co,Y phase developed in the
samples sintered at 800 °C and 900 °C with spinel species as impurities, and single (pure)
Co,Y phase was obtained at higher temperatures. On contrast, XRD patterns and the
Mossbauer spectra for the samples prepared by route B showed different results, where the
sample sintered at 700 °C consisted of only spinel phases. The Co,Y phase developed at higher
temperatures, coexisting with significant amounts of other phases.
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1 Introduction

Ferrites, consisting of iron oxide as their main constituent, belong to an important class of magnetic
materials which have been extensively synthesized and characterized due to their importance in the
technological and industrial sectors [1-7]. Interest in ferrites as technologically important materials
developed as a consequence of several parameters: they are cost effective, chemically stable, and
easily synthesized with a wide range of magnetic properties covering the requirements for a wide
range of applications. Their applications include transformer cores, multilayer chip inductors, high
quality filters, passive components of high frequency devices, permanent magnets, magnetic
recording, and many more. Hexagonal ferrites constitute an important class of the ferrite family,
which demonstrated superior properties to other types of ferrites in permanent magnet [6, 8, 9],
magnetic recording [10, 11], multiferroics [12—14], and microwave applications [15-17].

Hexaferrites are classified according to their structure into six main types, namely, M-type
(BaFe019), Y-type (Ba;MesFe20,,), W-type (BaMeske;60,7), X-type (BaxMeyFeasOus), Z-
type (BazMe,Fe,404), and U-type (BasMe,FescOg0), where Me represents a divalent metal
ion (Co%*, Zn%*, Ni**, Mg?*, etc.). Extensive research work revealed that the properties of
hexagonal ferrites may depend critically on the synthesis route and experimental conditions.
Accordingly, several articles and reviews concerning the influence of the synthesis route and
experimental conditions on the structural and magnetic properties of hexagonal ferrites were
recently published [3, 18-24]. Also, the properties of the hexaferrites were modified by
substitution of Ba?* ions by another large ion such as Sr2* [25-28], or Pb?* [29, 30], and by
changing the Me ion, and/or partial substitution for Fe3* ions [31-39].

All hexaferrite unit cells are composed of sub-structural blocks (S, R and T). The S block is
formed by two formula units of Fe;O,4 with the spinel structure containing two tetrahedral and
four octahedral cation sites. The T block has four layers with the formula Ba,FegO,4, where Fe
ions occupy two tetrahedral sites, and six octahedral sites of two distinct types. The R block
has stoichiometry BaFesO;; with five octahedral sites of different types and one trigonal bi-
pyramidal site [40].

The crystalline structure of Y-type A,Me,Fe;,0,,, where A represents an alkaline-earth
element (i.e. Ba and Sr), consists of blocks STS??T??S"T"; the (??) denotes a rotation by 120°
about hexagonal axis. The space group of Y type structure is R3m, with hexagonal parameters:
a=5.9 A and ¢=43.56 A. The metallic cations (Me and Fe3*) are distributed among six sub-
lattices, two tetrahedral sites (601\/ and 6CTV) and four octahedral sites (3ayq, 3byy, 6Cyi,
and 18hy,), as indicated in Table 1.

Y-type hexagonal hexaferrites have gained interest in recent years due to their multiferroic
properties [41, 42]. With special experimental design, Y-type hexaferrite can be synthesized at
lower temperature than other hexaferrites, which is a requirement for device design [43]. In

Table 1 Metallic sublattices of Y structures and their properties

Sublattices Coordination Block Number of ions per unit cell Spin
6cry Tetra S 6 Down
3ayy Octa N 3 Up
18hy; Octa S-T 18 Up
6cy Octa T 6 Down
6Cpy* Tetra T 6 Down
3by; Octa T 3 Up
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this study we employed the coprecipitation method to prepare samples of barium Co,Y
hexaferrite (Ba,Co,Fe ,0,;) using two different synthesis routes. The samples were charac-
terized by XRD, and hyperfine interactions were investigated by Mdssbauer Spectroscopy to
monitor the sites occupancy of the metal ions in the different sublattices of the ferrite structure.

2 Experimental
2.1 System preparation

In this work we prepared different ferrite systems by applying the coprecipitation method. Using
this technique, stoichiometric precursor mixtures of soluble salts of the metals were prepared, and
mixed to form a homogeneous solution. Then the mixture was precipitated as hydroxides, citrates,
oxalates, or formates. Afterward the mixture was filtered, dried, and then heated to give the final
product. Different parameters and conditions of coprecipitation processes can influence the final
product significantly. These include precipitant concentration and addition methods, pH, temper-
ature, mixing method and time, temperature and time of drying and calcination [44]. In the
following we describe the procedures we followed to control the precipitation process:

*  Procedure A: pH = 10, coprecipitation with NaOH and Na,COs3, dripping

Stoichiometric amount of Bay(NOj3),, Co(NO3),.6H,0, and Fe(NO3);.9H,O were dis-
solved in 500 ml of distilled water. The precipitant solution was prepared by dissolving
14.14 g of Na,CO; and 5.11 g of NaOH in 200 ml of distilled water. The precipitant was
added slowly in the stoichiometric mixture to adjust the pH level to 10. The resulting
mixture was stirred for one hour at room temperature. After precipitation is accom-
plished, the precipitate was filtered and washed thoroughly with deionized water three
times. Then, the precipitate was dried for 10 h at 100 °C and ground into powder form.
Portions of this powder were pressed in pellets (circular disks) and then sintered at
different temperatures (700 °C to 1100 °C in steps of 100 °C) for 4 h with heating rate of
10 °C/min using an open tube furnace. The hexaferrite powder samples produced were
labeled as A-700, A-800, A-900, A-1000, and A-1100. The letter and the number
indicate preparation procedure and sintering temperature, respectively.

*  Procedure B: pH = 14, coprecipitation with NaOH and Na,CO3, one shot

Stoichiometric amount of Ba,(NOs),, Co(NOs),. 6H,0, and Fe(NO3);.9H,0 were dissolved in
500 ml of distilled water. The precipitant solution was prepared by dissolving 12.05 g of
Na,COj3 and 10.05 g of NaOH in 200 ml of distilled water. The precipitant was added one shot
in the stoichiometric mixture to adjust the pH level to 14. The resulting mixture was stirred for
one hour at room temperature. After precipitation is accomplished, the coprecipitated powders
were filtered and washed thoroughly with deionized water three times. Then, the precipitate
was dried for 6 h at 100 °C and ground into powder form. Portions of this powder were pressed
in pellets (circular disks) and then sintered at different temperatures (700 °C to 1100 °C in
steps of 100 °C) for 4 h with heating rate of 10 °C/min using an open tube furnace. The
hexaferrite powder samples produced were labeled as B-700, B-800, B-900, B-1000, and
B-1100.
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2.2 Mossbauer spectroscopy

Maéssbauer samples were prepared as a thin circular layer of the system powder pressed gently
between two Teflon disks. The Mdssbauer spectra were collected using standard constant
acceleration Mossbauer spectrometer over 1024 channels with a 57Co Mossbauer source. The
Mossbauer spectra are analyzed using standard fitting routines to obtain the hyperfine
parameters.

The spectrum of «—Iron was used to calibrate the system. The standard value for the
hyperfine field of 3’Fe is 33.0 T.

2.3 X-ray diffraction (XRD)

The X-ray diffraction patterns of the prepared system were recorded using a (6-20) -shimadzu-
diffractometer. Cu—K,, radiation, with weighted average wavelength for Ko and Ko, A=

1.5406 A, was used. The diffraction patterns were recorded over the angular range of 20° < 20

<80°. The XRD patterns were analyzed to figure out the phases formed during the stages of
preparation and the average particles size of the resulting systems.

3 Results and discussion

We will discuss the results of the X-ray diffraction (XRD) and Mdssbauer spectros-
copy (MS) measurements of the Y-type hexaferrite powder Ba,Co,Fe ,0,, that were
prepared by the Coprecipitation method with different preparation conditions and
sintering temperatures.

3.1 XRD measurements
. BaQCozF612022 (A, 700°C to 1100°C)

Figure 1 shows the XRD patterns for the samples A-700, A-800, A-900, A-1000 and A-1100. These
samples were prepared using procedure A and sintered at the temperatures indicated by their labels
(700 °C to 1100 °C). The XRD pattern for the sample A-700 shows no Bragg reflections of the
Co,Y phase but reflections corresponding to other oxide species: BaM-type hexaferrite phase,
BaCO; and the spinels (CoFe,04 or/and Fe;O,4). These phases are intermediate phases for the
Co,Y phase [45]. The XRD patterns for the samples A-800 and A-900 show Bragg peaks
corresponding to Co,Y phase when compared with the standard pattern of this phase (JCPDS 00—
044-0206) and tiny traces of Ba-spinel (BaFe,O,4) phase, which is characterized by the very small
peak at 6 = 28.3°. When compared with the standard (JCPDS 00-044-0206), the XRD patterns for
the samples A-1000 and A-1100 show peaks corresponding totally to pure Co,Y phase. These
results indicated that through procedure A, we achieved the Co,Y phase with relatively high purity at
a relatively low temperature of 800 °C (only small amounts of Ba-spinel impurity was observed).
However, pure Co,Y phase was achieved by sintering at 1000 °C and 1100 °C.

Rietveld refinement of the patterns corresponding to the samples (A-800 to A-1100) was
performed using fullProf and shown in Fig. 2. Rietveld analysis of the patterns revealed that
both A-1100 and A-1000 are single Co,Y phase while the A-900 and A-800 have around 2%
of Ba-spinel species in addition to the main Co,Y phase.
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Fig. 1 XRD patterns for the samples prepared using procedure A and sintered at different temperatures (700 °C
to 1100 °C): (A-700, A-800, A-900, A-1000, A-1100) with symbols denoting phases, where closed circles denote
Y-type hexaferrite peaks, open circles denote M-type peaks, open squares denote (CoFe,O4 and/or Fe30y), closed
squares denote (BaFe,O,4) and x denote (BaCOs3)

° Ba2C02Fe12022(B, 700° C to 1100 ° C)

The XRD patterns for the samples prepared by procedure B and sintered at temperatures
(700 °C to 1100 °C) (named B-700, B-800, B-900, B-1000 and B-1100) are shown in Fig. 3.
The XRD patterns show complicated structure where each pattern has its own distinguished
structure. The XRD pattern for the sample B-700 shows no traces of the Co,Y phase but Ba-
spinel (BaFe,04) and other spinels (CoFe,0,4 and/or Fe;0,4) as main phases. The presence of a
small peak at = 24° is attributed to the major peak for BaCOj; structure (JCPDS 00-044-
1487). This indicates that traces of BaCOj are still present in the sample.

The XRD pattern for the sample B-800 shows the presence of Co,Y hexaferrite phase
(Ba,Co,Fe,0,,) as a main phase, and around 4% of BaFe,O, and cubic spinel phases.

The XRD patterns for the samples B-900 and B-1000 show the presence of both Co,Y
hexaferrite (Ba,Co,Fe ,0,,) and Ba-spinel (BaFe,O,). Tiny traces (around 2.5%) of other
spinels (CoFe,O4 and/or Fe;0,) are detected too in the XRD patterns for both samples.
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Fig. 2 Rietveld refinement of XRD patterns for the A-800 to A-1100 samples

The XRD pattern for the sample B-1100 shows the presence of Co,Y phase
(Ba,Co,Fe;,0,,) as a main phase and around 5% of spinel (CoFe,O, and/or Fe;0,4) phase.
In fact, this results was unexpected as the BaM-type phase is a precursor and is supposed to
appear as an intermediate stage for the Co,Y phase formation [45]. This is an indication that
the reaction kinetics and product was significantly altered by the imposed change in experi-
mental procedure. In a recent study, it was demonstrated that the pH value and the sintering
temperature play an important role in modifying the structural and magnetic properties of
spinel ferrites [46]. The reported estimations of the minor phases are revealed from the
Rietveld refinement analysis of the patterns for the B-800 to B-1100 samples. Its Rietveld
refinement spectra are shown in Fig. 4.

3.1.1 Average crystallite sizes

The average crystallite size for the Co,Y phase in all samples was calculated using Scherrer
formula [47]: D =KA/f3 cos 0, where D is the crystallite size, K is the Scherrer constant (0.94),
(A=1.5406 A) is the x-ray wavelength, ( is the peak width at half maximum measured in
radians, and 0 is the peak position. The calculated average crystallite sizes are tabulated in
Table 2.
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Fig. 3 XRD patterns for the samples prepared using procedure B and sintered at different temperatures (700 °C
to 1100 °C): (B-700, B-800, B-900, B-1000, B-1100) with symbols denoting phases, where closed circles denote
Y-type hexaferrite peaks, open squares denote (CoFe,0,4 and/or Fe;0,), closed squares denote (BaFe,0,) and x
denote (BaCOs)

3.2 Mossbauer spectroscopy

Room temperature Mdossbauer spectra were recorded for all samples of the systems
Ba,CoyFe »0y,. The spectra were each fitted with the appropriate type and number of
components.

« Ba,Co,Fe;;05 (A, 700°C to 110000) Samples

The Mdssbauer spectra for the samples A-700, A-800, A-900, A-1000, A-1100 prepared by
procedure A and sintered at 700, 800, 900, 1000, 1100 °C, respectivly, are shown in Fig. 5.
The figure shows similar spectral structure for the samples A-800, A-900, A-1000, A-1100 and
significantly different spectral characteristics for the sample A-700. This is consistent with
XRD findings, which revealed that the samples sintered at temperatures >800 °C all consisted
of a major Co,Y hexaferrite phase, whereas the sample sintered at 700 °C consisted of other
phases. The Mdssbauer spectra of all samples except A-700 show broad hyperfine splitting.
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Fig. 4 Rietveld refinement of XRD patterns for the B-800 to B-1100 samples

Hence, they were fitted with three magnetic components (sextets), as it was difficult to fit them
with six components associated with the six iron sites (6¢yy, 6¢py, 3ayy, 6¢iv*, 3byy, 18hyy) in
the Co,Y hexaferrites, due to similarity of the hyperfine parameters of certain sets of sites.
Throughout the fitting procedure and interpretation of the sub-spectral components, we
followed Mahmood et al. [31]. The high field component (I) is associated with the (6¢jy* +
3byy) sites. The maximum capacity of these sites is 3 ions, leading to maximum relative
intensity of 25%. The middle component (II) is associated with the 18hy; sites. The maximum
capacity of these sites is 6 ions, leading to maximum relative intensity of 50%. The low field
component (II) is associated with the (6¢y;+ 6¢py + 3ayy) sites. The maximum capacity of
these sites is 5 ions, leading to maximum relative intensity of 41.6%. The fitting parameters for
the spectra of all samples are listed in Table 3. The observed relative intensity of 25% for
component III (Table 3) is an indication that the corresponding sites are occupied by 3 Fe+3
ions and 2 Co*? ions. Accordingly, we may conclude that Co*?2 ions occupy the 6¢yy sites. This

Table 2 The average crystallites sizes for the Ba,Co,Fe|,0,, phase in all the samples

Sample A-800 A-900 A-1000 A-1100 B-800 B-900 B-1000

D(nm) (£5) 65 69 70 86 49 53 50
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is in light of the fact that ions with lower valence states should occupy face-sharing polyhedra
in order to reduce the electrostatic energy of the crystal [31, 40]. The relative intensities of the
three sextet components (LILIII) for the spectra with high sintering temperatures were fixed to
be (1:2:1). Due to symmetry of the spectra, the quadrupole splitting was ignored in the fitting
procedure.

Mossbauer spectrum for the A-700 sample was fitted with four magnetic sextets (with
quadrupole shifts) and one pure quadrupole component (doublet), and the Mossbauer fitting
parameters are listed in Table 3. The values of hyperfine fields were found to be Bps=50.9 T,
47.8 T, 41.6 T and 39.0 T and the corresponding quadrupole shifts are: QS=0.17, 0.21, 0.47
and 0.13 mm/s. These four magnetic sextets are associated with the four major iron sites in the
BaM hexaferrite structure. The obtained values of the Mdssbauer parameters agree with those

{A-700

1 L)

-10 8 6 4 -2 0 2 4 6 8 10
Fig. 5 Modssbauer spectra for the Ba,Co,Fe;,0,, samples (A-700, A-800, A-900, A-1000 and A-1100) prepared
using procedure A and sintered at different temperatures (700 °C to 1100 °C)
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Table 3 Mdssbauer parameters of the spectral components for samples prepared by procedure A and sintered at
different temperatures (700 °C to 1100 °C): Hyperfine Field: By¢ (T), Quadrupole Splitting: QS (mmy/s), Relative
Intensity: Rel. Int. (%), Center Shift: CS (mm/s) and the Width of inner line: W (mm/s)

Mossbauer T =700°C T =800°C T=900°C T =1000°C T =1100°C

parameter (A-700) (A-800) (A-900) (A-1000) (A-1100)

X2 1.91 445 6.63 3.39 6.41

CS 1 (20.01) 0.21 0.11 0.12 0.12 0.12

CS 11 (£0.01) 0.09 0.19 0.19 0.19 0.20

CS III (£0.01) 0.17 0.17 0.17 0.16 0.16

CS IV (£0.01) 0.12 - - - -

CS (£0.01) 0.14 0.05 0.05 - -
(doublet)

By I (20.1) 50.9 46.7 46.6 46.7 47.1

By IT (£0.1) 47.8 43.7 43.6 437 442

By, 1T (20.1) 41.6 39.5 39.5 39.8 40.3

By IV (£0.1) 39.0 - - - -

QS 1(+0.02) 0.09 - - - -

QS 1I (+0.02) 0.10 - - - -

QS III (£0.02) 0.23 - - - _
QS IV (£0.02)) 0.06 - -
QS (doublet) 0.72 0.84 1.08 - -

(£0.02)
Rel. Int. (I) (1) 7 24 23 25 25
Rel. Int. (II) (£1) 51 48 49 50 50
Rel. Int. (1) (1) 19 24 25 25 25
Rel. Int. (IV) (1) 13 - - - -
Rel. Int. (doublet) 10 4 3 - -
)
W) (+0.02) 0.21 0.33 0.31 0.31 0.31
w(dl) (£0.02) 0.45 0.48 0.47 0.48 0.48
W(II) (£0.02) 0.40 0.50 0.51 0.51 0.49
W(IV) (£0.02) 0.63 - - - -
W(doublet) 0.47 0.59 0.72 - -
(+0.02)

obtained by others [48, 49]. The presence of the BaM-type phase in the A-700 sample agrees
with the fact that the M-type phase is an intermediate phase in the course of crystallization of
the Co,Y phase [50, 51]. The last component (quadrupole doublet) with QS =0.72 mm/s and
Rel. Int.=10% is attributed to spinel ferrites species in a superparamagnetic phase which
agrees with our XRD results and the results for spinel (CoFe,O4 and Fe;Oy4) reported by others
[52, 53].

Mossbauer spectra of the samples A-800 and A-900 were each fitted with three magnetic
sextet components (I, II, III) and one quadrupole doublet. The first sextet component (I) is
associated with the (6¢py™* + 3byy) sites, the second sextet component (IT) is 2 associated with
the 18hy; sites, while the third sextet component (III) is associated with the (6¢cyy + 6¢py + 3ayy)
sites. The relative intensities of these components are in excellent agreement with the
theoretical ratios of 25:50:25, consistent with Co?* ions filling the 6¢y; sites. The forth small
(3-4%) doublet component with quadrupole splitting QS = 0.84 mm/s and 1.08 mm/s for the
two samples, respectively, is attributed to the nonmagnetic barium spinel phase detected by
XRD. The observed values of the quadrupole splitting agree with that reported for Ba-spinel
[54].
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On the other hand, Mssbauer spectra of the samples A-1000 and A-1100 were each fitted
with the three magnetic sextet components (I, II, III) associated with the magnetic sublattices
of'the Co,Y structure. The absence of other components in Mdssbauer spectra of these samples
is a further confirmation that these samples are composed of pure Y-type hexaferrite phase.

* Ba,CoyFe ;20 (B,700°C fo0 1100°C) Samples

The Mossbauer spectra for the B-700, B-800, B-900, B-1000 and B-1100 samples are shown
in Fig. 6. The figure shows different spectral structure for the different samples, which is
significantly different from the spectral shape for the samples prepared by route A. A first look
at the spectra with an expert eye indicates that none of the samples consisted of a Y-type
hexaferrite phase with relatively high purity. The spectra were fitted with four broad magnetic
sextets components and one quadrupole doublet; the fitting hyperfine parameters are listed in
Table 4.

The Madssbauer spectrum for the B-700 is fitted with four broad magnetic sextet compo-
nents and one quadrupole doublet. The values of hyperfine fields were Byy=49.3 T, 47.6 T,
43.3 T and 394 T and the doublet quadrupole splitting QS =0.62 mm/s. The first two

Ba,Co,Fe (B, 700-1100 °C)

12722

Intensity (a.u.)

10 -8 6 4 2 0 2 4 6 8 10
Velocity (mm/s)

Fig. 6 Mdssbauer spectra for the Ba,Co,Fe;,0,, samples (B-700, B-800, B-900, B-1000 and B-1100) prepared
using procedure B and sintered at different temperatures (700 °C to 1100 °C)
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Table 4 Maossbauer parameters of the spectral component for samples prepared by procedure B and sintered at
different temperatures: Hyperfine Field: By (T), Quadrupole Splitting: QS (mm/s), Relative Intensity (%), Center
Shift: CS (mm/s) and the Width (mm/s)

Mossbauer T =700°C T =800°C T =900°C T =1000°C T =1100°C
parameter (B-700) (B-800) (B-900) (B-1000) (B-1100)
X2 1.59 9.31 4.49 7.17 3.24
CS 1(x0.01) 0.10 —0.09 -0.08 0.09 0.01
CS II (+0.01) 0.00 -0.05 0.06 0.01 0.05
CS III (£0.01) -0.01 0.09 0.09 0.02 0.06
CS IV (£0.01) 0.05 0.06 0.07 0.03 0.03
CS (£0.01) 0.05 0.04 0.04 0.01 0.10
Doublet
By I (20.1) 493 49.0 48.2 48.1 48.0
By IT (£0.1) 47.6 46.1 44.2 442 44.2
By 1T (20.1) 433 42.8 40.8 40.8 40.8
Bpe IV (£0.1) 394 38.5 37.8 37.8 374
QS (doublet) 0.62 0.67 0.67 0.67 0.90
(+0.02)
Rel. Int. T (£1) 14 15 30 31 31
Rel. Int. II (x1) 34 21 37 41 40
Rel. Int. TIT (1) 7 34 13 10 16
Rel. Int. IV (1) 14 16 8 5 8
Rel. Int. (1) 31 14 12 13 5
(doublet)
W() (£0.02) 0.55 0.22 0.35 0.35 0.37
WD) (£0.02) 0.45 0.47 0.46 0.50 0.56
Wwll) (+£0.02) 0.42 0.47 0.34 0.35 0.37
W{IV) (£0.02) 0.62 0.47 0.34 0.35 0.37
W((£0.02) 0.47 0.70 0.50 0.48 0.54
(doublet)

components with Byy=49.3 T and 47.6 T has relative intensities of 14% and 34%, which is
close enough to the ratio of 1:2 for the number of Fe ions at tetrahedral and octahedral sites of
the cubic spinel structure of magnetite (Fe;04). The hyperfine field values and relative
intensities of these two components may be an indication of the presence of magnetite phase
in this sample. Similarly, the two components with Bp;=43.3 and 39.4 T could be associated
with Co-spinel (CoFe,0,) ferrite phase. The hyperfine fields for these components are in
general agreement with the range of hyperfine fields reported for cubic spinel ferrites [46, 52].
The quadrupole doublet with QS = 0.62 mm/s is attributed to Ba-spinel (BaFe,0,) phase. The
phases associated with the different Mossbauer components were confirmed by the XRD
patterns for this sample (B-700).

The four magnetic components in Mdssbauer spectra for the rest of the samples (B-800 to
B-1100) are associated with the superposition of the spectra of cubic spinel, and Co,Y phases.
Specifically, the hyperfine field for the first component (~ 4849 T) is in agreement with that
for the high-field component in the spinel structure. The other component of the spinel phase,
however, could be buried under the components of the Y-type phase due to similar hyperfine
field. The quadrupole doublet in the spectra of the samples B-800 t0 B-1000 (QS = 0.67 mm/s)
could be associated with the barium spinel phase, whereas the quadrupole doublet with QS =
0.9 mm/s for the sample B-1100 could be associated with superparamagnetic particles as
discussed before.
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4 Conclusion

This work reported the results of structural and Mdssbauer spectroscopy for Ba,Co,Fe;,0,,
samples prepared by coprecipitation method with variations in the experimental conditions.
The results of this study indicated that the dropwise addition of the precipitation agent to
achieve pH = 10 resulted in the crystallization of the Y-type hexagonal phase with high purity
at temperatures as low as 800 °C. On the contrast, such a high purity Y-type hexagonal phase
could not be achieved by route B where the pH is higher (pH = 14) and the addition of the
precipitation agent is a quick one (one shot). The average crystallite size for the Y-type
hexagonal phase (prepared with pH=10) is found to grow monotonically from 65 nm to
86 nm with sintering temperature, while the average value stays around 50 nm for the Y-phase
resulted by route B (pH = 14). Future work will include variation of type of precipitant, the
method of addition and the pH value on the quality and purity of hexaferrite phase.
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