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ARTICLE INFO ABSTRACT
Article history: Nanocrystalline strontium hexaferrite (Stfk&g) powders have
Received 5 Dec 2013 been successfully synthesized using facile Co-pitation
Accepted 18 Dec 2013 method. Ferrite precursors were obtained from megu of
Available online 25 Dec. 2013 strontium and ferric chloride in an aqueous mediuithout any
surfactant and soft template. The as-received pmvdeere
Keywords: calcined at 800 and 1000 °C for 2 hours in air. Tihal powders
Hexaferrite were characterized by X-ray diffraction (XRD), soany electron
Synthesis microscopy (SEM), transmission electron microsc@iyM), BET
Magnetic properties surface area analysis and Vibrating Sample Magnetiem{VSM).

Co-precipitation

Nanocrystalline The effects of calcination temperature on phase position,

particle size and shape as well as magnetic piepedf the
products have been investigated. The results iteticthat higher
calcination temperature (100Q) resulted in higher particle sizes
(98.1 nm), maximum saturation magnetization (60e58u/g),
remanence value (36.23 emu/g) and less surface(&Peafg™).
The magnetocrystalline anisotropy constant, K,dated from the
Stoner—Wohlfarth theory, increases by increasimgptrature up
to 15.1 (HA/kg).

crystalline anisotropy with an easy single
magnetization axis [3].

M-type hexaferrites, with chemical formula of An ultrafine strontium hexaferrite powder has
MeFe-O.5, (Me = Ba, Sr and Pb) have been a mean particle size less than Ol and is
widely used as permanent magnets and theimade of homogeneous particle size
great technical importance has attracted andistribution[2]. The large surface area often
extensive attention for the last few decades.dominates the properties of the powders and
They are widely used in fabrication of computer significantly enhances mechanical[4, 5],
data storage, high-density perpendicular chemical and physical properties[6, 7] of the
magnetic and magneto-optic recording, magneticmaterials resulting in interesting and sometimes
fluids and certain microwave devices [1, 2]. M- unexpected behavior of nanoparticles. It is
type hexaferrites are hard magnets with highdifficult to obtain ultrafine and mono-sized
coercivity which is due to their high magneto- particles by the conventional ceramic method
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(solid-state reaction) which requires the firing and subsequently heated to 800 and 1000 °C.
of stoichiometric mixture strontium carbonate Hexaferrite powders were characterized by X-
and a-iron oxide at high temperatures (about ray diffraction (XRD) method. XRD was
1300 °C)[6, 8-10]. carried out by German Unisantis (XMD-300)
In order to achieve highly homogeneous using Cu Ki (1.5418°A) radiation. Hexaferrite
ultrafine particles of M-type hexaferrite, various crystallite sizes were determined by well-
chemical techniques were investigated, such aknown Scherrer's equation[8]:
chemical co-precipitation[11], hydrothermal[12] , p 20_9/[(]3_3 )_Cofﬁ] [1]
plasma spraying [1], sol-gel [2] and ot _ ) _
microemulsion method [13]. Among the chemical Wheré D is the crystallite size} is the
routes, co-precipitation is low cost, simplistidan Wavelength of the X-ray radiatios, is the full
a more reliable method where the stoichiometrywidth at half maximum (FWHM) of the
can effortlessly be controlled and be easily usablerelevant diffraction peak,8 represents the

for production of nanocrystalline hexaferrite E\wWHM due to instrumental broadening.
powder. . The BET surface area was determined by a
The objective of the present work is to myltipoint BET method (BET, BEL Japan Inc.)
investigate the synthesis of nanocrystalline ysing the adsorption data in the relative
SrFa O, particles by facile chemical pressure (P/P0) range of 0.05-0.3. A desorption
co-precipitation method in aqueous media. jsotherm was used to determine the pore size
Effects of heat treatment, microstructural state gjstribution by the Barrett—Joyner—Halender

and phase composition on magnetic propertiesBjH) method, assuming a cylindrical pore

of Sr-hexaferrite are also studied. model. The nitrogen adsorption volume at the
_ P/PO of 0.994 was used to determine the pore
2. Experimental volume and the average pore size.

The synthesis was performed using strontium The particle size and morphology of the
chloride (SrCL6H,0) (MERCK, purity>  samples were determined by scanning electron
99.99%) and ferric chloride (FefI(MERCK,  microscopy (SEM-Tescan) and transmission
purity> 99.99%) as precursors. Stoichiometric electron microscopy (TEM, Philips, 200kV).
amount of these materials were put into 100 ml Magnetic measurements were carried out
water and mixed to give a homogeneous ysing vibrating sample magnetometer (VSM,
aqueous solution. The sodium hydroxide VSM-5, TOEI Industry Co.), with a maximum

solution (NaOH, 10 M) was added drop wise to applied field of 20 kOe at room temperature.
the solution contacting Sr and Fe cations in order

to co-precipitate a brown gel-like cake. The 3 Results and Discussion

precipitation was performed at pH value of 12.6 The main reactions proposed for preparation of

and room temperature. The precipitate Wasnpanocrystalline SrFe12019 Hexaferrite is:
washed for several times with a mixture of

distilled water and ethanol (1:1), dried at 100 °C

12FeCL + SrC)+ 38NaOH-» 38NaGd Srie @+ 13H [2]

Fig.1 shows the XRD patterns of Sk heating the samples at 88D, besides the Sr-
Hexaferrite powders before and after hexaferrite phase, two other phases can be
calcinations at different temperatures for 2 h. It detected. XRD peaks of Fe (OH)nd y -Fe,0;

can be seen that there are not any distinguishegvere indexed for the samples heated at €00
peaks for as-synthesis powders. Furtherfor 2h at® values of 20.65,21,2, 26.2 and 29.1,
observation shows that with increasing 45.16, respectively. However, their intensities
calcination temperature form 800°C to 1000°C, then completely disappeared after heating at
crystallization  process occurs and the 1000 °C, indicating that the aforementioned
characteristic peaks can be observed. Byreaction was completed. It is demonstrated that
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Fig. 1. XRD patterns of SrRgO,gnanopowder synthesized via co-precipitation metiefdre (a) and after
calcination at 800°C (b), 1000°C (c), for 2 h.

Fig. 2. E imges of the Sric®,9 Nnanopowder after calcination at 800°C (a), 10q@)¢Cfor 2h.

FeO; crystals as an intermediate structure, been detected. From equation (1), the crystallite
playa significant role in formation of size of hexaferrite sample which had been
hexaferrite phase. In fact, the two structures ofcalcined at 800°C, is determined to be about
Fe0; have controversial effect on formation of 38nm. The result of X-ray diffraction pattern of

hexaferrite. It is well known thay -FeO; is a the sample calcined at 1000 °C shows a single
cubic spinel, whose chemical formula is hexaferrite phase with crystallite size of 57 nm.
Fe[Fe5/3y1/3]04, where (y) stands for a cation According to XRD result, it was found that the

hole. In Contrastg-Fe0; as an orthorhombic crystallite size increases drastically with

hexahedron crystal hinders the transformationincreasing the calcinations temperature. The
of Iron oxide to hexaferrite phase[14]. As it increase in average crystallite size is due to the
was mentioned in Fig,1y -Fe,O; peaks were tendency of atoms to move. In other words, the
detected; thereforey -F&0; can be easily increase in crystallite size may be attributed to
converted into SrReD:, phase. According to the increase of the crystal growth rate at higher
the JCPDS card No. 00-024-1207, femperatures. .

characteristic peaks of hexaferrite can be Morphology and size of the samples were
observed at @ values of 30.8 32.3, 34.%, examined by SEM. Fig. 2 shows the general

56.8 , 63.2 corresponding to the crystal planes morphology of the product calcined at 8
P g 4 D and 100C°C. It reveals that the co-precipitated

gexaferrite nanopowders are relatively uniform
spherical shape with diameters of ~80 nm.
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Fig. 3. N, adsorption/desorption isotherm at 77K of
SrFe,0.9 Nanopowder calcined at 1000°C.

From this figure, higher calcination
temperature resulted in higher particle size. In
other words, further calcination temperature

(1000 °C) leads to crystal growth and average

particle sizes increase up to ~ 120 nm.
The nitrogen sorption isotherms of the

Sr-Hexaferritenanopowders were measured to!

gain the information about the specific surface

area and the pore sizes for samples heat treate
at 1000°C. Surface area analysis indicates that

synthesized nanoparticles have mesoporou
surfaces [7]. These pores may have bee
formed during calcination when OH- groups

come out of the precursors. As a result, these

pores influence the crystallinity and magnetic
properties of the samples. Particle size
estimated from BET is given by equation[15]
(Fig. 3):

D =6/a; geT*p [3]
Where p is theoretical density of strontium
hexaferrite (5.18 Ag™) and & ger corresponds

to surface area calculated from BET analysis

(16 nfg™* and 12 rfig™ for 800 °C and 1000 °C
respectively). According to BET results, with

increasing the temperature from 800 to 1000°C,

the particle size increases from 62 to 98 nm.
To give further insight into the morphology

and structure of hexaferritenano powders,

transmission  electron  microscopy  was

performed. TEM images of the samples calcined

at different temperatures (800°C and 1@Gare
shown in Fig.4 (a, b). It is clear from the figures
that the mean particle sizes increase from 80 to
~95 nm. It is also observed that at lower
calcination temperature, the product consists of
varied size of ultra fine particles while the heat
treated samples at 108D have more uniformity

in size and shape. The results of measuring
particle size from the TEM images are in well
agreement with the BET result. It is notable that
the mean particle size of nanopowders is almost
2 times greater than the crystallite size obtained
by x-ray diffraction pattern. It can be concluded
that each nano particle consists of two
crystallites.

To study the magnetic properties, the hysteresis
loop of hexaferrite synthesized by co-
precipitation method was analyzed. Fig. 5 shows
the magnetic hysteresis loop, M (H) of Sebge
nanopowders at 300 K. The saturation
magnetizations (Ms) are found to be 28.34 and
60.53 emu/g for the samples calcined at 800 °C
and 1000 °C, respectively. These results are
smaller than the theoretically predicted value
(67.70 emul/g), but agree well with other
experimental values obtained from different
preparation methods [8]. One reason for
increasing MS at higher temperatures maybe
%wing to the more degree of crystallinity,
INcreasing crystallite size and growth of magnetic
domains of the sample at evaluated temperature

ni16, 17].The remanence (Mr) and coercivity (Hc)

values also increase by increasing the temperature
(Table 1). Based on Stoner—Wohlfarth theory, the
coercivity of nano particles is determined by
magnetocrystalline anisotropy constant (K) and
saturation magnetization (Ms) according to the
following equation [17]:
s 4]
LxMS
where | is the universal constant of
permeability in free space, H/m. The magneto
crystalline anisotropy constant (K) can be
calculated by using equation (4). In this
regard, the magnetocrystalline anisotropy
constant increases by increasing temperature
from 6.9 to 15.1 (HAkg). This issue is in
well agreement with increasing the crystallinity
of nanopowders by increase of the heating
temperature. Kanagesan et al. [16] reported that

Hc=
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Fig. 5. Hysteresis loops of hexaferrite nanopowders cattit 800°C and 1000°C for 2h.

Table 1. Physical properties of Sr-hexaferrite synthesizgdo-precipitation
Magnetocrystalline

Temperature Ms Mr Hc anisotropy constant Particle  Surface area
(°C) (emu/g) (emu/g)  (kOe) H Ag/)lig) size (nm) (m’g™h)
800 28.34 16.65 4.9 6.9 80 19
1000 60.53 36.23 5 15.1 120 12

the variation of the coercivity is mainly related Sr-hexaferrite which is synthesized in this
to the raise of the magneto crystalline article, magnetic properties of some researches
anisotropy of the magnetic phase, which [6, 9, 12, 18-20] are listed in Table 2.
increases the coercivity. These values areAccordingly, the outstanding magnetization
however, much more than those previously saturation and coercivity of nanostructured
reported in the literatures. Zi et al. [11] repdrte hexaferrite can be seen in this table which can
that by using the precipitation method, the be used in hard magnetic devices and
coercivity for hexaferrite samples was obtained microwave absorption applications.

~1.06 kOe. Also, M. Jean et al. synthesized the

SrFa,0,9 hexaferrites particles in an alkaline 4. Conclusions

medium using a hydrothermal process at 180in this study, SrRgO,, hexaferrite nanoparticles
°C, and claimed that the coercivity was around were successfully synthesized via co-
the 3.5 kOe [12]. For better comparison of precipitation method in an aqueous solution.
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Table 2.Comparison of magnetic characteristics and parsice of Sr-Hexaferrite with literature.

Saturation Intrinsic Calcination  Particle
magnetization Rt(—:‘éﬂ”?&e;lce coercivity( Synthesis route temperature size Ref
(emul/g) 9 kOe) (°C) (nm)
50.15 25.18 2.64 Combustion synthesis 1000 52 [20]
Microwave induced
47.5 24.3 ; -
1.64 combustion process 1000 70-90 [18]
Microwave assisted
54.80 29.52 5.261 chemical synthesis 850 100 [1.9]
60.53 36.23 5 Co-Precipitation 1000 120 NS
47.5 26.44 5.45 Co-Precipitation 900 230 [9]
49 35 3.7 Molten flux 1050 800 [6]
39 2.4 Hydrothermal 1000 2000 [12]

Hexaferrite nanopowders were formed after
annealing at 800 °C for 2h with the average 4.
crystallite size of around 38 nm. Increasing the
in grain
growth and the crystallite size was obtained
around 57 nm by calcination at 1000 °C. The
maximum value of the saturation magnetization
(Ms) and coercivity come out to be 60.53 5.
emu/g and 5 kOe from the samples calcined at
1000 °C. The magnetocrystalline value also

calcination temperature resulted

increases at higher temperature.
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