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Abstract Magnesium ferrite MgFe2O4 nanopowders

were synthesized using chemical co-precipitation

assisted with ultrasound irradiation technique. The

ferrite precursors were precipitated from the corre-

sponding sulfates by 5 M sodium hydroxide at pH 11

without and with ultrasound irradiation for 2–6 h.

Thermal treatment of the produced precursors with

and without ultrasound irradiation for 2 h at tem-

perature ranged from 600 to 1,000 �C was also

studied. The powders formed were characterized by

X-ray diffraction (XRD), Fourier transformer infra-

red (FT-IR), scanning electron microscope (SEM)

and vibrating sample magnetometer (VSM). Effects

of ultrasound irradiation time, calcination tempera-

ture and Fe/Mg mole ratio on the phase formation

and magnetic properties were reported. Pure crystal-

line MgFe2O4 phase can be obtained by thermal

treatment of the precursor at temperature 1,000 �C

with ultrasound irradiation for 2 h with high magne-

tization (18.39 emu/g).

Introduction

Magnesium ferrite, MgFe2O4, is one of the important

magnetic oxides with spinel structure. Apart from its

magnetic application in the area of memory and

switching circuits of digital computers and micro-

wave devices, Mg ferrite is used as a catalyst in

dehydrogenation of butene, humidity sensor and

recently is more applicable in achieving local hyper-

thermia when compared with other ferrites [1–7].

There are several methods for synthesizing nano-

sized magnesium spinel ferrite particles, such as

ceramic [8–10], co-precipitation [11], microwave

hydrothermal method, [5], sol gel [12], citrate gel

process [13], combustion method [14–16], high energy

milling [17], and mechanical alloying [18]. Ultrasound

irradiation has been routinely used in the field of

materials science. It has proven to be a useful

method for the preparation of novel materials

[19, 20]. Many materials in literature are synthe-

sized by ultrasound irradiation included MgO

[21], CdS and CdSe [22–24], ZrO2 [25], Co3O4

and NiO [26], PbS, PbSe and PbTe [27], NiAl2O4

[28], Cu–Ni ferrites [29], barium hexaferrite [30]

and Mn–Zn ferrites [31] and etc.... The chemical

effects of ultrasound irradiation arise from acous-

tic cavitation, that is the formation, growth and

implosive collapse of the bubble in a liquid. The

implosive collapse of the bubble generates localized

hot spots and microjet impacts on the materials,

which can result in activating reaction, particle size

reduction, surface cleaning and so on. These hot

spots have been shown to have a transient temper-

ature of about 5,000 K, pressure of 188 atm., and

cooling rates of 108 K/s [19]. In this study, we aim to

synthesis of magnesium spinel ferrite nanopowders

adopting co-precipitation with and without ultra-

sound irradiation. The changes in microstructure

and magnetic properties of the spinel ferrite are

investigated.
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Experimental

Mg spinel ferrite nanopowders were prepared using

the co-precipitation and co-precipitation assisted by

ultrasonic irradiation methods. The starting materials

used ammonium ferrous sulfate (NH4)2Fe(-

SO4)2 � 6H2O and magnesium sulfate heptahydrate

MgSO4 � 7H2O were dissolved in bidistilled water and

mixed together taking in our consideration the Fe/Mg

mole ratio 2:1. The produced solution was treated

with 5 M NaOH to form a precipitate at pH 11. The

produced slurry was filtered, washed and dried at

100 �C. The formed precursor powders were calcined

at 600–800 �C for 2 h in static air atmosphere. For

using ultrasound irradiation (20 kHz, 750 W), the

precipitated slurry formed at pH 11 was treated by

ultrasound irradiation for time intervals from 2 to 6 h.

The precipitated was filtered, washing, and then dried

at 100 �C. The produced precursors powders using

ultrasound irradiation for 2 h were calcined at tem-

perature ranged from 600 to 1,000 �C. The X-ray

diffraction (XRD) patterns of the resulting products

were characterized by a Brucker D8-advance X-ray

powder diffractometer with CuKa radiation

(k = 1.5406 Å) in the 2h range from 10 to 80� with

time per step 1.000 second and step size (2h) 0.02.

The micrograph of MgFe2O4 was examined by direct

observation via scanning electron microscope (SEM)

model (JSM-5400). The magnetic properties of the

ferrites were characterized by a vibrating sample

magnetometer (VSM; 9600-1 LDJ, USA). Vibration

spectrum of the magnesium ferrite powder in KBr

was recorded on Fourier Transformer and Pye-Uni-

cam SP 300 instrument.

Results and discussion

X-ray diffraction patterns of precursors samples pre-

cipitated at pH 11 without and with ultrasound

irradiation treated for time intervals from 2 to 6 h

are shown in Fig. 1. The XRD patterns of the precur-

sor without ultrasound irradiation treatment is magne-

sium ferrite with nearly amorphous impurities showing

five spread peaks at 2h values of 30.30�, 35.67�, 43.29�,

52.89�, 57.30� and 63.021� which ascribed to magne-

sium iron oxide MgFe2O4 phase (JCPDS Card #

73-1720). The diffraction peaks are corresponding to

(220), (311), (400), (422), (511) and (440) planes. For

ultrasound irradiation treated sample for 2 h, the

diffraction peaks corresponding to (220), (311), (400),

(422), (511) and (440) planes of polycrystalline

MgFe2O4 phase are confirmed. By increasing the

ultrasound irradiation time for 4 h, it is clear that the

diffraction peaks are related to magnesium ferrite and

muskoxite Mg0.7Fe0.4O1.3 � H2O (JCPDS Card # 22-

0709). Eight peaks related to 2h values of 18.6�, 30.30�,

35.67�, 43.29�, 46.9�, 52.89�, 57.34� and 63.02� ascribed

to magnesium ferrite. In addition, the peaks are related

to muskoxite at 2h values of 34.69�, 39.80�, 52.98� and

62.80�. Increasing the ultrasound irradiation time to

6 h, the formed phases are magnesium ferrite, mus-

koxite and weak crystalline peaks and low intensity of

iron hydroxide (JCPDS Card # 22-0346). This is may

be due to the dissociation of the produced magnesium

ferrite powders by increasing ultrasound irradiation

time up to 6 h. Other experiment is carried out by

ageing the produced hydroxide slurry in water for 6 h.

The results showed that the XRD of the produced

precursor sample has not changed compared with the

formed precursor powders directly from the hydroxide

slurry.

The crystallite size of MgFe2O4 for the most intense

peak (311) plane determines from the X-ray diffraction

data using the Debye–Scherrer formula:

dRX ¼ kk=b cos h

Where dRX is the crystallite size, k = 0.9 is a correction

factor to account for particle shapes, b is the full

width at half maximum (FWHM) of the most

intense diffraction peak (311) plane, k is the wave-

length of Cu target = 1.5406 Å, and h is the Bragg

angle. The average crystallite size of the precipitated

precursor sample without ultrasound irradiation is

49.3 nm and for the sample ageing in water for 6 h is

49.7 nm. On the other hand, the average crystallite
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sizes are 27.2–39.7 nm with ultrasound irradiation time

from 2 to 6 h.

As the temperature changes, the crystallinity and

purity of magnesium ferrite change. Figure 2 shows the

XRD patterns of magnesium ferrite powders with and

without ultrasound irradiation time for 2 h at thermal

temperature from 600 to 1,000 �C for heating time 2 h.

At 600 �C, the produced powders without ultrasound

irradiation are nearly magnesium ferrite. Six crystalline

intensity peaks are appeared at 2h values of 30.30�,

35.67�, 43.29�, 52.89�, 57.34� and 63.02�, respectively.

These peaks ascribed to (220), (311), (400), (422), (511)

and (440) diffraction planes of MgFe2O4 phase. On the

other hand, the XRD of the precursor sample with

ultrasound irradiation time for 2 h and thermally

treated at 600 �C showed six peaks of magnesium

ferrite with high crystallinity compared with the sample

without ultrasound irradiation. In addition, iron oxide

peaks are also formed (JCPDS Card # 02-0915). Peaks

related to iron oxide are appeared at 2h values 33.13,

36.01 and 53.98�. The average crystallite size of the

mean intense peak (311) is 27.2 and 38.0 nm with and

without ultrasound irradiation for 2 h and thermally

treated at 600 �C, respectively. As the temperature

increases to 800 �C, the formed powders phases are

magnesium ferrite and iron oxide for the sample

without ultrasound treatment. Peaks related to iron

oxide are formed at 2h values of 24.16�, 33.18�, 43.15�,

49.90� and 64.05�. On the other hand, XRD patterns of

the ultrasound irradiation sample for 2 h and thermally

treated at 800 �C showed that MgFe2O4 phase with

high crystalline intensity and weak peaks of iron oxide

are formed. The mean crystallite sizes are 34.4 and

56.2 nm for ferrite samples produced at 800 �C with

and without ultrasound irradiation for 2 h, respec-

tively. As the temperature increases up to 1,000 �C,

MgFe2O4 single phase is formed. The average crystal-

lite sizes of the thermally treated precursors at

1,000 �C are 117.3 and 112 nm without and with

ultrasound irradiation for 2 h, respectively.

In order to investigate the influence of Fe/Mg mole

ratio of phase identification and crystallization of

ferrites powders, two precursors at Fe/Mg mole ratios

2:1 and 2:1.2 are prepared and thermally treated at

1,000 �C for 2 h. The XRD patterns of the produced

powders samples are shown in Fig. 3. The results

showed that the peaks attributed to MgFe2O4 phase

are detected. The crystallization of magnesium ferrite

is increased by increasing Fe/Mg mole ratio to 2:1.2.

Samples obtained have homogeneous and uniform

particle size. The average crystallite size was 112 and

117 nm, respectively. This is probably the reason for

the highest magnetization obtained as will be shown

later.

Scanning electron microscope photomicrographs of

precursors samples without and with ultrasound irra-

diation for 2 h are shown in Figs. 4 and 5. The

samples are uniform in shape and the crystallite size

of two samples corresponded well to their X-ray

diffraction calculation size. EDAX analysis of samples

calcined at 1,000 �C without and with ultrasound

irradiation for 2 h showed that chemical composition

are oxygen 47.7%, Mg 9.70% and Fe 42.59% while in

case ultrasound irradiation for 2 h, the constituents

are oxygen 44.20%, Mg 8.47% and Fe 47.33%. The

EDAX analyses showed that Fe/Mg mole ratios are

nearly 2:1 and 2:0.82 with and without ultrasound

irradiation for 2 h, respectively. This is due to dissolve

of small part of magnesium hydroxide during ultra-

sound irradiation.

FT-IR spectrum of the powder precursors without

and with 2, 4 and 6 h ultrasound irradiation times is
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Fig. 2 XRD patterns of magnesium ferrite precursors calcined
at different temperature from 600 to 1,000 �C without and with
ultrasound irradiation for 2 h (MF, magnesium ferrite; H, iron
oxide)
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showed in Fig. 6. Generally, the FT-IR spectrum of the

precursors without and with 2 h ultrasound irradiation

times for 2 h is nearly the same. The bands near 3,000–

3,600 cm–1 assigned to the stretching vibrations of the

hydrogen-bonded OH groups. Absorption bands due

to the iron–oxygen bonds (corresponding to iron

located in octahedral and tetrahedral bands), are

observed in the 450–540 cm–1 and also the presence

of a-Fe2O3. The presence of the band at 635 cm–1 is

due to the molecular water. The bands produced at

1,635 cm–1 for all samples powders are due to the

presence of H2O. The other peaks formed are due to

the presence of magnesium ferrite.

The magnetic properties of MgFe2O4 powders

prepared with and without different ultrasound irradi-

ation time is measured using vibrating sample magne-

tometer. Magnetization is performed at room

temperature and hysteresis loops of the ferrite powders

were obtained. Plots of magnetization (M) as a

function of applied magnetic field (H) per time,

temperature and Fe:Mg mole ratio were given in

Figs. 7–9. The corresponding magnetization hysteresis

curves for powders produced at without and with

ultrasound irradiation time ranged from 2 to 6 h and

pH 11 are shown in Fig. 7. Apparent superparamag-

netic behavior is always observed for all samples at

room temperature. Table 1 lists effect of ultrasound

irradiation treatment time on the coercive force (Hc),

saturation magnetization (Ms), remenant magnetiza-

tion (Mr) and the ratio of remenant magnetization to

saturation magnetization (Mr/Ms). It is clear that the

magnetic properties are changed by changed the

ultrasound irradiation time, Hc without ultrasound

irradiation time is 45.89 Oe increases to 58.02 Oe at

ultrasound irradiation for 2 h to 68.03 Oe at ultrasound
Fig. 5 SEM of the produced magnesium ferrite precursor
powders produced with ultrasound irradiation for 2 h

Fig. 4 SEM of the produced magnesium ferrite precursor
powders produced without ultrasound irradiation time
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irradiation time for 4 h and then the decrease changes

observed at 6 h (50.14 Oe). The change of the value of

coercive force may be due to the low crystalline

anisotropy, which arises from crystal imperfection and

the high degree of aggregation. In addition, the

magnetic properties are dependent on the morphology
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of the particles and the uniaxial microstructure of the

final products. Remenant magnetization increases from

0.188 emu/g for the powder without ultrasound irradi-

ation to 0.842 emu/g then increases to 0.909 emu/g and

then decreases to 0.602 emu/g at 6 h. The saturation

magnetization increases from 2.291 emu/g for the

sample without ultrasound irradiation to 5.494 emu/g

for the sample with ultrasound irradiation for 2 h to

5.946 emu/g at 4 h and then decreases to 4.558 emu/g

for 6 h. The decrease in these values could result from

the existence of spin canting, which has been reported,

in several nanometer-sized ferrites [32] which is

attributed to surface structure disorder. It is known

that the energy of a magnetic particle in the external

field is proportional to its size via the number of

magnetic molecules in a single magnetic domain. When

this energy becomes comparable to thermal energy,

thermal fluctuations will significantly reduce the total

magnetic moment at a given field. This is due to the

large surface-to-volume ratio for ultrafine particles.

The magnetic molecules on the surface lack the

complete co-ordination and the spins are disordered.

Another possible reason for the diminution in Ms may

be the incomplete crystallization of MgFe2O4 particles,

which lead to amorphous impurities undetectable by

XRD, e.g., magnesium hydroxide and iron hydroxide

are decreased the magnetic properties of the produced

magnesium ferrite powders. Also, presence of non-

magnetic materials like muskoxite and iron oxide

decreased the magnetization of the formed ferrite

powders. The low values of Mr/Ms ratio indicate an

appreciable fraction of superparamagnetic particles.

For the precipitated sample without ultrasound irradi-

ation, Mr/Ms value is 0.082 without ultrasound irradi-

ation then increases to 0.153 for ultrasound irradiation

for 2 and 4 h then decreased to 0.132 at 6 h, which

indicate that a fraction of the particles is in the blocked

state.

Figure 8 shows the magnetic hysteresis of MgFe2O4

nanopowders prepared without and with ultrasound

irradiation for 2 h and thermally treated at tempera-

ture ranged from 600 to 1,000 �C for 2 h. The magnetic

properties are summarized in Table 2. The results

showed that the magnetic properties are temperature

dependent. Hc is increased from 19.79 to 57.26 Oe

when the temperature increased from 600 to 800 �C for

the powders produced without ultrasound irradiation.

On the other hand, Hc is increased from 48.86 at

600 �C to 75.99 Oe at 800 �C and then decreased to

68.11 Oe at 1,000 �C, respectively for the powders

produced with ultrasound irradiation time for 2 h. This

may be attributed to the change in the crystallite size

range from 34 to 112 nm. Mr shows a minimum value

(0.062 emu/g) at 600 �C increased to 0.1000 emu/g at

800 �C for the ferrite powders produced without

ultrasound irradiation. Also, Mr increased by increased

the temperature from 0.113 to 0.137 emu/g when the

thermal treated temperature increased from 600 to

1,000 �C for the magnesium ferrite powders produced

with ultrasound irradiation for 2 h. The saturation

magnetization (Ms) is increased slowly from

5.909 emu/g at 600 �C to 5.345 emu/g at 800 �C for

the magnesium ferrite powders without ultrasound

irradiation. In contrast, Ms is increased from

11.37 emu/g at 600 �C to 14.09 emu/g at 800 �C and

then 18.39 emu/g at 1,000 �C for magnesium ferrite

powders produced by ultrasound irradiation for 2 h.

This type of behavior is entirely consistent with a

model of crystal growth in such a way that the

difference in the magnetic parameters is associated

with the change in crystal size [33].

The effect of Fe/Mg mole ratio on the magnetic

hysteresis for MgFe2O4 powders produced after ultra-

sound irradiation for 2 h and thermally treated at

1,000 �C is shown in Fig. 9 and the magnetic properties

are listed in Table 3. It is clear that Hc is increased by

increased Fe/Mg mole ratios from 68.11 to 106.7 Oe

when Fe/Mg mole ratio increased from 2:1 to 2:1.2,

respectively. Mr is increased from 2.525 to 2.896 emu/g

by changed the Fe/Mg mole ratios. The Mr/Ms ratio

values are 0.137 and 0.162 for Fe/Mg mole ratios 2:1

and 2:1.2, respectively Saturation magnetization shows

Table 2 Magnetic properties of the produced MgFe2O4 powders
at different calcination temperature with and without 2 h ultra-
sound irradiation time

Time Ms (emu/g) Mr (emu/g) Hc (Oe) Mr/Ms

W600 5.909 0.366 19.79 0.062
W800 5.354 0.536 57.26 0.100
US600 11.37 1.282 48.86 0.113
US800 14.09 1.905 75.99 0.135
US1000 18.39 2.525 68.11 0.137

W600 and W800 precipitated samples at 600 and 800 �C without
ultrasound irradiation US600, US800 and US1000, precipitated
samples calcined at 600, 800 and 1,000 �C with 2 h ultrasound
irradiation

Table 1 Effect of time of ultrasound irradiation on the magnetic
properties of the produced MgFe2O4 powders

Time Ms (emu/g) Mr (emu/g) Hc (Oe) Mr/Ms

W 2.291 0.188 45.89 0.082
2 5.494 0.842 58.02 0.153
4 5.946 0.909 68.03 0.153
6 4.558 0.602 50.14 0.132

W, sample without ultrasound irradiation
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a maximum value of (18.39 emu/g) at Fe/Mg mole ratio

2:1 and decreases slightly to 17.85 emu/g at Fe/Mg

mole ratio of 2:1.2. These values are lower than the

bulk value for the magnetization of the magnesium

ferrites produced by ceramic method at 1,100 �C for

48 h (26.7 emu/g) [34] and it is also lower than the

close reported value (27.0 emu/g) [35]. Meng et al. [35]

produced magnesium ferrite with saturation magneti-

zation (30.9 emu/g) by calcination Mg–Fe(III) layered

double hydroxide intercalated by hexacyanoferrate

(III) ions at 1,100 �C for 48 h. Misra et al. [36]

discussed the lower of saturation magnetization than

their bulk counterparts in terms of the two—compo-

nent nanoparticles system consisting of a spin glass like

surface layer and ferrimagnetically aligned core spins.

Pradhan et al [37] showed that the magnetic properties

of magnesium spinel ferrite are strongly dependent on

the cations distribution among tetrahedral (A) and

octahedral (B) sites in the cubic type-spinel structure

where the structure formula of Mg-ferrite is usually

written as (Mg1–xFex)[MgFe2–x]O4, where x represents

the degree of inversion (defined as the fraction of (A)

sites occupied by Fe3+ cations). In pure MgFe2O4, The

Mg2+ ions are randomly distributed. Some Mg2+ ions

will be forced to the A sites leading initially to the

transfer of some Fe3+ ions from A to B site. This will

give rise to an increased B site magnetization and then

the magnetic interaction and magnetization steadily

decrease due to the reduction in the Fe3+.

Conclusion

Magnesium ferrite nanopowders are prepared using

co-precipitation and co-precipitation assisted with

ultrasound irradiation methods. Effects of ultrasound

irradiation time and calcination temperature (600–

1,000 �C) on the phase formation and magnetic prop-

erties of the produced magnesium ferrite powder are

studied. The formed precipitated powders without

ultrasound irradiation are mainly magnesium ferrite.

Increasing ultrasound irradiation time up to 6 h

decreases the magnesium ferrite phase. The average

crystallite sizes are 49.3 and 27.2 nm without and with

ultrasound irradiation time for 2 h. A well crystalline

MgFe2O4 phase is obtained for the precursor treated

with ultrasound irradiation for 2 h and thermally

treated at 1,000 �C. The produced ferrites powders

have superparamagnetic properties. The saturation

magnetic magnetization (Ms), remenant magnetization

(Mr) and coercive field (Hc) are 2.291 emu/g,

0.188 emu/g and 45.89 Oe without ultrasound irradia-

tion, and 5.494 emu/g, 0.842 emu/g and 58.02 Oe with

ultrasound irradiation for 2 h, respectively. The mag-

netic properties are enhanced by thermally treated

precursor powder produced at ultrasound irradiation

time for 2 h at different temperatures from 600 to

1,000 �C. The saturation magnetization (Ms), reme-

nant magnetization (Mr) and coercive field (Hc) are

enhanced to 18.39 emu/g, 2.525 emu/g and 68.11 Oe,

respectively, for the ferrite powder produced at

1,000 �C, respectively.
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