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ABSTRACT

The preparation of Zn Mn, Fe,O, nanoparticles in an Igepal CO-520-cyclohexane water reverse micelle solution has been studied.
The transmission electron microscopy and X-ray diffraction pattern analyses revealed the resulting particles to be Zn Mn, Fe,O, The
average size and distribution of the synthesized particles calcined at 500°C for 5 h were in the range of 10 to 20 nm and broad,
respectively. The phase of the synthesized particles was crystalline, the magnetic behavior of the synthesized particles was ferro-
magnetic. The effect of the synthesis parameters, such as the molar ratio of water to surfactant and calcination temperature, is

discussed.
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1. Introduction

F errites are important magnetic materials, and are
widely used in many electronic and magnetic applica-
tions, such as in transformers, choke coils, high frequency
applications, data storage, noise filters and recording heads,
due to their high magnetic permeabilities and low magnetic
losses. Recently, the magnetic carrier technology (MCT) was
developed using a magnetic bead coated with bioactive
materials to selective extraction of biological components or
to deliver medicine to the intended body parts.” The mag-
netic properties of the nanosized ferrites are entirely differ-
ent from those of their bulk counterparts, such as the
superparamagnetic behavior and associated properties.
Nanosized ferrites with a uniform particle size and a nar-
row size distribution are desirable for a variety of applica-
tions including targeted drug delivery, ferrofluids, medical
1imaging, other biomedical applications, magnetic date stor-
age, etc.”® With the rapid development of electronic applica-
tions focusing on miniaturization, lightweight applications,
integration, and multifunctionality, the demand for MnZn
ferrites, which are applied as core materials for transform-
ers m switching mode power supplies (SMPS) and DC/DC
converters, are iIncreasing. This development requires
MnZn ferrites to maintain a low power loss (P), high ini-
tial permeability (u), large magnetic induction (Bs) and
high electrical resistivity (p).” The present studies on this
ferrite system focuse on the production of nanosized materi-
als at very low temperatures, so that the nanosized material
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produced can be sintered at relatively lower temperatures;
compared with the high temperatures required for materi-
als synthesized by the conventional ceramic method. Using
low temperatures makes it easier to obtain better dielectric
properties, high performance parameters, and improved
magnetic and related properties,*” for such materials. Bet-
ter sinterability at low temperatures is desired in terms of
saving energy as well as minimizing the zinc loss that
occurs during high temperature sintering. The Mn-Zn fer-
rite is a mixed spinel in which the tetrahedral (A) sites are
occupied by Zn®" and Fe’*ions, and the octahedral (B) sites
are occupied by Mn*" and Fe*'ions in the spinel formula
AB,O,. The distribution of the different ions in the tetrahe-
dral and octahedral sites is different when the ferrite is syn-
thesized at low temperatures and when the particles are
nanosized.'” Unusual magnetic behaviors and improved
properties can be expected after processing these nanosized
materials. Many different methods of producing nanosized
ferrite powders are described in the literature such as, hydro-
thermal processing, glycol-thermal processing, Sol-Gel pro-
cessing and ion exchange resin manufacture methods."'?
Compared with other methods, the reverse micelle method
is one of the most promising wet chemistry syntheses. This
method provides a favorable microenvironment to control
the chemical reaction. Thus, in this method, the reaction
rate can be easily controlled, compared with other methods,
and a narrow size distribution of nanoparticles was ob-
tained.’ Reverse micelle solutions are transparent, isotro-
pic, thermodynamically stable water-in-oil microemulsions
in which the agqueous phase is dispersed as nanosized drop-
lets surrounded by a monolayer of molecules in the continu-
ous polar organic phase.'® The surfactant stabilized water
pools provide a microenvironment for the preparation of
ultrafine particles by exchanging their contents via the

-320-



June 2008

fusionredispersion process and by preventing the excess
aggregation of particles.”"® Therefore, the particles ob-
tained in such a medium are very fine and monodispersed.
The objective of this study is to prepare the nanosized
Zn Mn, Fe,O, powders with superparamagnetic property
by reverse micelle method and to investigate the effects of

the processing conditions on the formation, morphology and
phase of the powders.

2. Experimental procedures

Zn Mn, Fe, O, precursors were precipitated from cyclo-
hexane (Sigma-Aldrich, HPLC grades), poly(oxyethylene)
nonylphenyl ether(Aldrich Chemical Co. LTD), generally
known as Igepal CO 520 (Aldrich Chemical, 98% used with-
out further purification), and aqueous solutions of 1.4M
Fe(NO,);-9H,0, 1.4M Zn(NO,),-6H,0 and 1.4M Mn(NO,),
+6H,0 (Aldrich Chemical, 99.9%). A microemulsion with a
total volume of 100 ml was prepared at ambient tempera-
ture in a 250 ml vial with rapid stirring. The microemul-
sions were comprised of 20.05 g of Igepal CO 520, 50 ml of
cyclohexane, 3.25-6.5 ml of 10" M mixed aqueous solution
(X=0.4), deionized water and 0.75-1.5 ml of NH,OH. The
average size of the synthesized powders was controlled by
the R=[water]/[surfactant] ratio. The microemulsion was
mixed rapidly, and then equilibrated for 5 min. The reverse
micelles were prepared from a nonionic surfactant Igepal
CO-520. The microemulsion was then centrifuged to extract
the particles, which were subsequently washed with etha-
nol to remove any residual surfactant and water. After dry-
ing at 80°C for 12 h and calcinations at 500°C for 5 h in air
due to the excess temperature, MnO, could be observed. The
structure, size, and morphology of the resulting particles
were examined using a transmission electron microscopy
(TEM). The recovered powders were analyzed for phase
composition using X-ray diffraction and the magnetic prop-
erties of the powder were measured with vibrating sample
magnetometer (VSM) at 298 K.
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Fig. 1. X-ray diffraction patterns of the synthesized Zn Mn, Fe,O,
powder calcinations at 500°C for 5 h as a function of R
(water/surfactant molar ratio), x=0.4.

3. Results and discussion

Ternary systems of Cyclohexane/lgepal CO 520/water
offer certain advantages: they are spheroidal and monodis-
perse aggregates where water i1s readily solubilized in the
polar core, forming a ‘water pool’ that is characterized by
the ratio of water to surfactant concentration. Another
important property of reverse micelles its dynamic charac-
ter; the water pools can exchange contents through a colli-
sion process. The aggregation and self-assembly of the oil/
surfactant/water species is complex, and very little 1s known
about the cluster growth and final nanostructure as a func-
tion of the synthesis conditions. The molar ratio of water to
surfactant can determine the size of the microemulsion
water core.'” Therefore, the diameter of the nanoparticles in
the microemulsion can be controlled through the water/sur-
factant molar ratio(R) and Zn molar ratio(X=0.4) at an
aqueous solution value. In the present study, x=0.4 was
chosen because the magnetic moment decreased as the con-
centration increased to x=0.5 due to lattice perfection,

Fig. 2. TEM micrographs of the synthesized Zn Mn, Fe,O, nanoparticles calcined at 500°C for 5h by a reverse micelle process:

(a) R=4 and (b) R=8 x=0.4).
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Fig. 3. Magnetic properties of the synthesized Zn Mn, Fe,O, powder calcinations at 500°C for 5h as a function of R (water/sur-

factant molar ratio) x=0.4.

which 1s caused by an increased number of Zn ions on the A
site. As result of this as the interaction increases with the
spin of the B site due to the magnetic moment of the A site
being weak, the magnetic moment is decreased resulting in
the semi-balance ingredient being grown.”® Fig. 1 shows the
XRD patterns of the synthesized Zn Mn, Fe,O, nanoparti-
cles with calcinations at 500°C for 5h as a function of R
(x=4). The nanocrystaline Zn Mn, Fe O, ferrites have a
spinel-type FCC structure. It is clearly seen that with an
increasing R, all XRD peaks become sharper; this is an indi-
cation of the increase in the particle size. The variation of
the particle size, as a function of R(water/surfactant molar
ratio), is shown in Fig. 2. which shows the transmission
electron microscopy of the synthesized Zn Mn,_Fe O, parti-
cles. It has been shown that the average size of the synthe-
sized powder are approximately 10—20 nm and the syn-
thesized Zn Mn, Fe,O, particle size and distribution
increased from 4 to 8 with increased R. Fig. 3 shows the
magnetic properties of the Zn Mn, Fe,O, particles as a
function of R. From the VSM analysis, it can be seen that
the synthesized nanosized crystalline powder exhibits
superparamagnetic properties. It is also clearly seen that
the magnetic moment increased with an increased R (4 to
8), and the saturation magnetization of the synthesized
Zn Mn, Fe,O, powders were below 30 (emw/g). It also pos-
sible that the magnetic nanoparticles could be applicable for
drug delivery as nanoparticulate magnetic carriers.

4. Conclusion

Nanosized Zn Mn, Fe,O, powders were prepared using
the reverse micelle process. The water/surfactant molar
ratio at an aqueous solution value influenced the average
size and distribution of the synthesized particles. The aver-
age size and size distribution of the synthesized particles
were approximately 10-20 nm and broad, respectively. The
reverse micelle synthesis of the Zn Mn, Fe,O, powders
yields a nanosized crystalline powder exhibiting superpara-

magnetic character. The saturation magnetization of syn-
thesized the Zn Mn, Fe,O, powders was below 30 (emu/g).
It is possible for the synthesized powder to be used as mag-
netic nanoparticles for drug delivery using a nanoparticu-
late magnetic carrier. If the water/surfactant molar ratio
and the mixture ratio of the aqueous solutions (Zn concen-
tration) are carefully controlled, it is possible to control the
average size, crystalline phase, and magnetic property of
the synthesized powders.

Acknowledgment

This study was supported by a grant from Changwon
National Umversity, Korea.

REFERENCES

1. D. S. Bae, S. W. Kim, H. W. Lee, and K. S. Han, “Synthesis
and Characterization of Nanosize Co Ni, Fe,O, Powders
by Glycothermal Process,” Mater. Lett., 57 1997-2000
(2003).

2. M. Shinkai, “Functional Magnetic Particles for Medical
Application,” J. Biosci. Bioeng., 94 606-13 (2002).

3.A. S. Lubbe, C. Alexiou, and C. Bergemann, “Clinical
Applications of Magnetic Drug Targeting,” J. Surgical Res.,
95 200-06 (2001).

4. L. X. Tiefenauer, A. Tschirky, G. Kuhne, and R. Y. Andres,
“In Vivo Evaluation of Magnetite Nanoparticles for use as
a Tumor Contrast Agent in MRI,” Magn. Res. Imaging., 14
391-402 (1996).

5. R. Skmoski, “Nanomagnetics,” J. Phys.: Condens. Matter.,
15 R841-96 (2003).

6.M. R. J. Gibbs, “Nanomagnetism-nascent or Fully
Formed,” Curr. Opin. Solid State Mater. Sci., 7 83-6 (2003).

7. H. Su, H. Zhang, X. Tang, and X. Wei. “Effects of Calcining
and Sintering Parameters on the Magnetic Properties of
High-Permeability MnZn Ferrites,” IEEE Trans. Magn.,
41 4225-28 (2005).

8. P. S. Anil Kumar, J. J. Shrotri, C. E. Despande, and S. K.



June 2008

10.

11.

12,

13.

14.

Date, “Low Temperature Synthesis of Ni,,Zn ,Fe,O, Pow-
der and Its Characterization,” Mater. Lett., 27 293-96
(1996).

. D. Stoppels, “Developments in Soft Magnrtic Powder Fer-

rites,” Magn. Mater., 160 323-28 (1996).

S. E. Jacobo, S. Duhalde, and H. R. Bertorello, “Rare Earth
Influence on the Structural and Magnetic Properites of NiZn
Ferrites,” J. Magn. Magn. Mater., 272-76 2253-54 (2004).
M. Seki, J. Sato, and S. Usui, “Observations of Ultrafine
ZnFe,0, Particles with Transmission Electron Micros-
copy,’ <J. Appl. Phys., 63 [5] 1424-27 (1988).

S. Komarneni, E. Freagan, E. Bravel, and R. Roy, “Hydro-
thermal Preparation of Ultrafine Ferrites and Their Sinter-
ing,” J. Am. Ceram. Sci., 71 [1] C26-C8 (1988).

J. R. Ahn, D. S. Bae, and J. S. Kim, “CO, Decomposition
properties of Ternary Ferrites Synthesized by the Wet Pro-
cessing,” J. Kor. Ceram. Soc., 37 [10] 962-67 (2000).

P. Sainamthip and V. R. W. Amarakoon, “Preparation of
Manganese Zinc Ferrite Powders by Alcoholic Dehydration
of Citrate/Formate Solutions,” J. Am. Ceram. Soc., 71 [2]

Synthesis and Characterization of Zn Mn, Fe,O, Nanoparticles by a Reverse Micelle Process 323

C-92-C-5 (1988). -

15.D. S. Bae, K. S. Han, and S. H. Choi, “Fabrication and
Characterization of Ru-doped TiO, Composite Membranes
by the Sol-gel Process,” Mate. Lett., 33 101-05 (1997).

16. B. K. Paul and S. P. Moulik, “Structure, Dynamic and
Transport Properties of Microemulsions,” Ady. Coll. Inter.
Sci., 78 99-195 (1998).

17. K. Ossed-Asare and F. J. Arriagada, “Preparation of SiO,
Nanoparticles in Non-Ionic Reverse Miceller System,” Col-
loids and Surfaces, 50 321-39 (1990).

18. V. pillai, P. Kumar, M. J. Hou, P. Ayyub, and D. D. Shah,
“Preparation of Nanoparticles of Silver Halides, Supercon-
ductors and Magnetic Materials using Water-in-Oil Micro-
emulsions as Nano-Reactors,” Ady. Coll. Inter. Sci., 55 241-
69 (1995).

19. P. Monnoyer, A. Fonseca, and J. B. Nagy, “Preparation of
Colloidal AgBr Particles form Microemulsions,” Coll. Surf.
A: Physicochemical Eng. Aspects., 100 233-43 (1995).

20. Y. Yafet and C. Kittel, “Antiferromagnetic Arrangements
in Ferrites,” Phys. Rev., 87 290-94 (1952).



