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Abstract
In the present work, the synthesis of Barium hexaferrite (BaFe12O19) nanoparticles in
the presence of a large excess amount of OH− anions by the hydrothermal method in
the presence and absence of surfactants such as sodium dodecyl benzene sulfonate
and Triton X-114 was reported. The optimized temperature in the absence of
surfactant was determined (200 °C) and then Barium hexaferrite nanoparticles were
synthesized by assistance of surfactants at this temperature. In this way, it was
confirmed that the secondary re-crystallization can be totally suppressed with the use
of surfactant and addition of surfactant leads to the synthesis of uniform and ultrafine
nanoparticles with excellent super paramagnetic properties. Barium hexaferite
nanoparticles have a disc-like shape. The structure, morphology and magnetic
properties of samples were characterized and investigated by powder X-ray
diffraction (PXRD), scanning electron microscopy (SEM) and vibrating sample
magnetometer (VSM) techniques.
Keywords: Barium hexaferrite; hydrothermal; surfactant; sodium dodecyl benzene
sulfonate.
Introduction

hexagonal

In recent years, hexaferrite materials

(BaFe12O19) were suitable candidates

such

for industrial applications [1,2] due to

as

Barium

hexaferrite

with
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molecular

structure
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their high intrinsic coercivity, high

magnetic properties for these materials,

curie

large

therefore hydrothermal synthesis of

magnetization, corrosion resistivity and

uniform and ultrafine nanoparticles at

uniaxial magneto crystalline anisotropy

higher

and

in

interest. Synthesis of nanoparticles at

microwave

higher temperatures causes the better

adsorbents,

structural order and consequently better

temperature,

have

been

permanent

relative

widely

magnets,

radiation

used

temperatures

would

be

of

telecommunication

devices,

high

magnetic properties, but with increasing

density

recordings

and

the temperature in the hydrothermal

magneto-optic recording media [3,4].

method, the size of nanoparticles also

Recent

that

increases and large platelet particles

physical properties of nanoparticles

appeared in the samples as a result of

strongly depend on the preparation

the secondary re-crystallization [16,

methods

17].

magnetic

studies

have

[5].

shown

Various

synthesis

techniques such as sol–gel [6,7], autocombustion
sol–gel

[8],

microwave-assisted

auto-combustion[9],

precipitation

[10],

co-

For this purpose, one of the routes
is using of surfactants that they can
decrease

the

surface energy. The

self-propagation

advantage of this method is that the

high-temperature synthesis [11], carbon

solving of surfactants in the media is

combustion [12], spray pyrolysis [13],

not necessary and also they can reduce

aerosol pyrolysis [14] and molten salt

the surface energy by placing on the

[15] have been used or are under

surface

development for preparing ultrafine

between two liquid phases and by this

Barium

With

way it is possible to prevent the growth

development of nanotechnology, the

and aggregation of particles [18]. At the

hydrothermal method appeared to be

same time, the surfactant adsorbed onto

quite useful for different non-materials

the surfaces of nanoparticles provides

synthesis and it was also used for

their colloidal stability in nonpolar

preparation of small Barium hexaferrite

liquids, thus enabling the preparation of

nanoparticles

high-

stable ferrofluids. Also the surfactant

temperature treatment. Since the low

blocks the secondary re-crystallization

temperature

of

hexaferrite

particles.

without

synthesis

any

causes

poor
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the

and

creating

nanoparticles

a

boundary

during

the
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hydrothermal treatment. The secondary

100-mL stainless-steel autoclave cell

recrystallization or Ostwald ripening is

(Parr

a process in which a small number of

agitation. The procedure began by

the larger particles grow at the expense

dissolving the appropriate amount of

of the smaller ones. Due to very fast

Barium and Iron nitrates in distilled

growth

exaggerated

water. The molar ratio of the precursor

particles, the control and decrease of

[Ba2+]:[Fe3+] was optimized at 1:5.

particles size to the nano scale are very

After complete dissolution, NaOH was

important and practically impossible

added to achieve the [OH−]/[NO3-] ratio

[19,20].

16. Ultrafine hexaferrite nanoparticles

rate

of

these

In this paper, we present a method
to

produce

Barium

Instruments)

without

any

can be obtained with a hydrothermal

hexaferrite

method at low temperatures by using

BaFe12O19 nanoparticles by assistance

large excess amounts of OH− ions.

of sodium dodecyl benzene sulfonate

Indeed, by increasing the concentration

and triton x-114 as surfactants and the

of hydroxyl (OH−) ions relative to the

effects of these surfactants on particle

metal

size and magnetic properties of samples

formation temperature was reduced. So,

have been studied.

the ratio of [OH−]/[NO3-] was selected

Experimental

equal to 6 according to the literatures

Materials

[19].

Analytical grade of Barium nitrate

precipitated precursors was transferred

Ba(NO3)2.6H2O (Merck, purity 97.2%),

into the autoclave and heated with a

Ferric nitrate [Fe(NO3)3.9H2O] (Merck,

heating rate of 3 °C min−1 to various

purity

hydroxide

temperatures ranging from 150 –

NaOH (Merck, purity 99.8%), sodium

200°Cfor 5 h.The resultant precipitates

dodecyl

sulfonate

were washed with distilled water and

X-114

HCl (0.1 mol/L)solutionand dried in

deionized

ambient air. Finally, the prepared

99.8%),

sodium

benzene

[C12H25C6H4SO3Na],
[C14H22O(C2H4O)n]

Triton
and

ions

Then,

(Ba2+and

the

Fe3+),

suspension

the

of

water were taken as starting materials.

nanoparticles at 200 °C calcined at 900

Synthesis of the nanoparticles

°C for 4 h.

The hydrothermal synthesis of the

At the second step, in order to

Barium hexaferrite was performed in a

prevent the secondary re-crystallization
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of

the

nanoparticles

hydrothermal

during

treatment,

the

D= 0.9λ /β cos 

(1)

Barium

Where D is the average crystalline size,

were

β the full width at half-maximum of the

of

diffraction peak, λ the wave length of

purpose, 0.7

the X-ray (Cu-Kα) and  the Bragg's

mmol(optimal value) of each surfactant

angle in degrees unit. The magnetic

(Triton

dodecyl

properties were measured at room

benzene sulfonate) was dissolved in the

temperature, using a vibrating sample

suspension

magnetometer

hexaferrite

nanoparticles

synthesized

in

the

surfactants. For this

x-114

or

of

presence

sodium

precipitated

ferrite
°

(VSM,HH-15)

in

a

precursor and was heated at 200 C as

maximum applied field of 10 kOe. A

optimal temperature resulted from XRD

scanning electron microscope (SEM,

patterns. After hydrothermal treatment,

LEO

diluted nitric acid (20%) solution was

analyze the morphology and structure

added to the suspension to decrease the

of the samples.

pH value below 5. The decrease in pH

Results and discussion

resulted

XRD analysis

in

precipitation

of

a

1430VP)

was

employed

to

hydrophobic mass composed of the

The observed changesin Purity and

synthesized

crystallinity

of

increasing

temperature

surfactant-coated

nanoparticles

and

unabsorbed

the

samples
of

with
the

surfactant. The samples were washed

hydrothermal treatment can be detected

with acetone to remove the unabsorbed

by the XRD patterns of the samples

surfactant.

(Figure 1a-g). All diffraction peaks are

Characterization

well assigned to the standard pattern of

To confirm the formation of a single

M-type BaFe12O19 crystals,reported in

phase, the powder X-ray diffraction

JCPDS card (No. 07-0267) indicating

patterns (XRD) of the samples were

that hydrothermal route is feasible for

recordedwith a Bruker AXS model D8

the

advanced diffractometer using Cu-Kα

BaFe12O19nanoparticles. The diffraction

radiation (λ = 1.542 Ǻ) with the Bragg

peaks at 2 values of 30.21, 32.11,

angle

average

34.11, 37.21, 40.31, 42.31, 50.31,

crystallite size (D) was determined

55.11, 56.51, and 63.11° can be

using the Scherrer’sequation (1) [20],

assigned to the reflections of (110),

ranging

20–70°.The

Page | 350

formation

of

single-phase
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(107), (114), (203), (205), (206), (209),

shown in Figure 1g. It can be seen that

(217), (2011), and (220) planes of

with calcination of Barium hexaferrite

BaFe12O19, respectively. The intensity

nanoparticles, the intensity of the peaks

and sharpness of the mentioned peaks

increases and at the same time the

gradually increase by enhancing the

width

temperature

hydrothermal

significantly. This confirms that the

treatment from 150°C to 200 °C. This

size of particles increases after the

leads to an increase in the crystallite

calcination.

in

the

of

the

peaks

decreases

size [21,22].It should be noted that the
shape of the grains and the texture of
the samples can influence on the XRD
patterns. Presence of large platelet
crystals, which may appear in the
samples treated at higher temperatures,
can alter both the intensity and the
shape of the peaks in XRD patterns as
reported in Ref. [19].No characteristic

Figure1. XRD patterns of the Barium

peaks for other impurities are observed.

hexaferrite nanoparticles hydrothermally

The characteristic peaks of (hk0) plans,

prepared at different temperatures (a)150

such as 110 and 220,

are relatively

sharp, while the characteristic peaks of

°C, (b) 160 °C, (c) 170 °C, (d) 180 °C, (e)
190 °C, (f) 200 °C, (g) 200 °C and calcined
at 900 °C

(hkl) plans, where l≠0, are broader or
even missing (for lower than l). The
peaks originating from the lattice planes
containing l-component are broader,
because of the very small dimension of
the crystals along the c-direction of the
hexagonal structure, which corresponds
to the thickness of the nanoparticles
[19]. The X-ray diffraction patterns of
hydrothermally treated at 200 °C and
then calcined at 900 °C sample are

Figure 2(f, h and i) shows the XRD
patterns of the Barium hexaferrite
nanoparticles which synthesized in the
presence of sodium dodecyl benzene
sulfonate and Triton x-114 as surfactant
at

200

°C

nanoparticles

and

also

as-prepared

synthesized

without

surfactant. As shown in Figure 2(h-i),
the particles have a good crystallinity
and also compared with Figure 2f, by
adding of surfactant to suspension of
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precipitated

precursors

ferrite

The detailed SEM analysis revealed

nanoparticles, the width of the peaks

that the nanoparticles have a disc-like

increases and consequently the size of

shape and uniform thickness. The disc-

particles

therefore

like nanoparticles were measured to

morphology of the samples improves,

have 25-30 nm width. Figure 3f shows

while the sharpness of the peaks

a SEM image of sample prepared at 200

remains relatively unchanged. Table 1

°C.

decreases

of

and

displays the average crystal sizes of all

With increasing the temperature to

samples, calculated from the most

200 °C, the large platelet crystals were

intense peak (114) using the Scherrer’s

appeared. The comparison of Figures

formula [23].

3a and 3f reveals that the temperature
of the hydrothermal treatment has a
substantial effect on morphology and
size

of

Barium

nanoparticles.

hexaferrite

When the

annealing

temperature increases from 150 °C to
200 °C, the width and thickness of the
grains increases noticeably. Figure 3g
Figure 2. XRD patterns of the (f) asprepared Barium hexaferrite nanoparticles,
synthesized in the presence of (h) sodium
dodecylbenzene sulfonate, (i) Triton x-114
at 200 °C

reveals

that

sintering

of

particles

leading to massive, agglomeration and
sintered

particles

has

no

clear

boundary. Figure 4, h and i, shows the
SEM analysis

SEM

In order to investigate the morphology

hexaferrite

and particle size of products, the SEM

synthesized at the presence of sodium

images

Barium

dodecyl benzene sulfonate and Triton

hexaferrite nano-particles, annealed at

x-114 at 200 °C. In both Figures 4h and

different temperatures, were obtained

4i, Barium

and are shown in Figure 3, a, f and g .

have disc-like shape, but in the

Figure 3a shows a SEM micrograph of

presence of Triton x-114, the smaller

the nanoparticles synthesized at 150 °C.

and uniform crystals have been formed.

of

as-prepared
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micrographs

of

nanoparticles,

hexaferrite

Barium
which

nanoparticles
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Table 1. Average crystallite size of Barium hexaferrite nanoparticles, prepared with
and without surfactants at different temperatures

Sample

Tempreture (oC)

surfactant

D (nm)

a

150

-

21

f

200

-

38

g

900

-

90

h

200

sodium dodecyl benzene sulfonate

24

i

200

Triton X-114

17

Figure 3. The SEM images of Barium hexaferrite nanoparticles hydrothermally
synthesized at (a) 150 °C (f) 200 °C and (g) 200 °C followed by calcination at 900 °C

By comparing Figures 3 and 4 of

(Ostwald ripening). While by using

the synthesized Barium hexaferrite

surfactants in the synthesis process,

nanoparticles, without and with the

particles size decreases very slowly.

surfactant, it can be deduced that in the

The surfactant causes the consuming of

absence of surfactant, increasing the

all the precursors for formation of

o

temperature to 200 C, leads to the

hexaferrite and there by the growth of

appearance of the product in the form

the hexaferrite nanoparticles islimited

of the large platelet grains. The

after nucleation [19]. Thus, we can

mentioned large platelet crystals are the

successfully suppress the secondary re-

result of secondary re-crystallization

crystallization during the hydrothermal
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synthesis

of

Barium

hexaferrite

a) are 13.39 emu/g and 307.45Oe

nanoparticles by using surfactants. It

respectively,

can be seen from the Figure 4 that

prepared at 200 °C, the saturation

Triton x-114 decreases particles size

magnetization and the coercivity are

more than sodium dodecyl benzene

23.89

sulfonate. All of these results confirm

respectively. This suggests that the

the previous results of the XRD

magnetization and coercivity of the

patterns.

samples strongly increase by increasing

VSM analysis

the temperature. Since by increasing the

Figure 5, a-b, shows the hysteresis

temperature

loops

VSM

particle size and the number of large

measurements for Barium hexaferrite

platelet crystals increase; therefore the

samples at room temperature under an

increasing

applied

The

coercivity can be mainly related to the

ratio

number of large platelet crystals [18].

(Mr/Ms), saturation magnetization (Ms)

The results show that the saturation

and remanent magnetization (Mr) of

magnetization is still much lower than

nanoparticles are given in Table 2.

the theoretical value of BaM single

According to the Figure 5a and Table 2,

crystal, but a little higher than or

it can be seen that the saturation

similar to the reported results in

magnetization and the coercivity of

literatures [24].

obtained

field

coercivity(Hc),

from

of

10

kOe.

squareness

while

emu/g

of

in

for

and

the

sample

f,

916.92Oe

treatment, the

magnetization

and

synthesized sample at 150 °C (sample

Figure 4. The SEM micrographs of the Barium hexaferrite nanoparticles synthesized in the
presence of, (h) Sodium dodecyl benzene sulfonate, (i) Triton x-114 at 200 °C
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Figure 5. a) Magnetic hysteresis loops of the Barium hexaferrite nanoparticles
hydrothermally synthesized at 150 °C, 200 °C and 200°C followed by calcination at 900 °C,
b) Magnetic hysteresis loops of the Barium hexaferrite nanoparticles synthesized in the
presence of, sodium dodecyl benzene sulfonate and Triton x-114

Table 2. The observed values of coercivity Hc, squareness ratio (Mr/Ms), saturation
magnetization (Ms) and remanent magnetization (Mr) of Barium hexaferrite nanoparticles

Smple

Tempretu

Surfactant

o

re ( C)

D

Ms

Mr

(nm)

(emu/g

(emu/g

)

)

Mr/Ms

Hc
(Oe)

a

150

-

21

13.39

3.609

0.2695

307.45

f

200

-

38

23.89

10.90

0.4577

916.92

g

900

-

90

50.10

27.21

1.95

2970.7

h

200

SDBSa

24

22.57

10.48

0.4645

1036

i

200

Triton X-114

17

21.75

8.92

0.41

758

a

Sodium dodecyl benzene sulfonate

The incomplete coordination of

particles by formation of a surface spin

atoms on the particle surface can cause

coating [25, 26]. Moreover, the thermal

the reduction of the magnetization of

fluctuation of the magnetic moments

the magnetic particles, leading to a no

can significantly diminish the total

collinear spin configuration, which

magnetic moment at a given magnetic

reduces

field [27]. Typically, the single-domain

the

magnetization

of

the
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BaFe12O19nanoparticles, that prepared

samples, synthesized in the presence of

by other soft chemical methods, reveal

sodium dodecyl benzene sulfonate and

coercivities of 4000 Oe and more [28-

Triton X-114. It can be seen from the

31].

Figure that the magnetic properties of
The size of prepared samples was

synthesized

nanoparticles

at

the

generally smaller than the critical

presence of surfactants are not much

diameter for domain formation in

different from the samples prepared at

BaFe12O19, which was expected to be

the absence of surfactants. Although,

around 1 μm [32, 33]. Therefore, the

the size of the nanoparticles slowly

low coercivity values are related not

decreases in the presence of surfactants,

only to the domain formation, but also

but the improvement in the magnetic

to the high shape anisotropy of the

properties can mainly be related to the

samples resulting from their high

increase in their crystalline order [17].

width-to-thickness ratio. For example,

The comparison of the effects of two

the coercivity linearly depends on the

surfactants on the magnetic properties

magnetocrystalline anisotropy and the

of samples shows that the magnetic

shape anisotropy, and in the BaFe12O19

properties of synthesized nanoparticels

platelets, two anisotropy fields oppose

at the presence of Triton X-114 are

each

the

lower than that of Sodium dodecyl

crystalline order in the c-direction in

benzene sulfonate. The squareness ratio

thin platelet crystals may be very

(Mr/Ms) of these samples is found to be

lowand can also have an opposite effect

lower or around 0.5, which is equal to

on the coercivity. The hysteresis loop of

the value expected for randomly packed

the sintered Barium hexaferrite at 900

single-domain particles [16].

other

[34].

Moreover,

°C shows that by sintering of the
sample,

the

magnetization

values
(Ms),

of

However, this squareness ratio for

saturation

sintered sample at 900 °C is more than

remanent

0.5 which can be due to single domain

magnetization (Mr) and coercivity (Hc)

formation.

increase, due to increasing in crystal

Conclusion

sizes.

In the present work, the single phase

Figure 5b shows the magnetic

BaFe12O19 nanoparticles

properties of the Barium hexaferrite

successfully synthesized
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been
a

Surfactant-assisted synthesis of barium hexaferrite nanoparticles by …

hydrothermal

method

temperatures and

at

also

different

[5] C.R. Gong, G.L. Fan, C.L. Song,

effect

Trans Tianjin Univ., 2007, 13, 117–

the

of various temperatures on the particle

120.

size and

were

[6] T.S. Candac, E.E. Carpenter, C.J.

investigated. According to the results,

O’Connor, V.T. John, S. Li, IEEE

the enhancement of temperature of the

Trans Magn., 1998, 34, 1111–1113.

hydrothermal treatment leads to the

[7] V. Pillai, P. Kumar, M.J. Hou, P.

increasing

Ayyub, D.O. Shah, Adv Coll Int Sci.,

magnetic

of

properties

magnetic

properties

and the size of particles. In this study,

1995, 55, 241–269.

the effects of surfactants have been

[8] Y. Li, Q. Wang, H. Yang, Curr.

studied

Appl. Phys., 2009, 9, 1375–1380.

and

were

observed

that

surfactants enable the synthesis of

[9] M.J. Iqbal, A. Barkat-ul, Mater. Sci.

uniform and ultrafine nanoparticles and

Eng.

also undesired process of secondary re-

Technol., 2009, 164, 6–11.

crystallization can be totally suppressed

[10] N.J. Shirtcliffe, S. Thompson, E.S.

by this method.
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