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Resumen
La polimerización en miniemulsión fue usada para sintetizar un nanocomposito magnéticoconductor polianilina-ferrofluido (PANI-FFe3O4 NC). El fluido magnético fue sintetizado
por peptización química usando ácido oleico e Isopar M como surfactante y portador
respectivamente. Monómero anilina, dodecil sulfato de sodio (SDS) , etil benceno,
persulfato de amonio (APS) y el fluido magnético se hicieron reaccionar a temperatura
ambiente durante varias horas para sintetizar el nanocomposito magnético conductor
PANI-FFe3O4 NC fue caracterizado por conductividad, VSM y STEM. Ambos el fluido
magnético y el nanocomposito muestran n comportamiento superparamagnético con Ms de
21.3 y 2.83 emu/g respectivamente. Las micrografías de STEM indican que las fibras del
nanocomposito tienen un diámetro uniforme de 60 nm.
Abstract
Miniemulsion polymerization was used to synthesize a magnetic-conducting polyanilineferrofluid nanocomposite (PANI-FFe3O4 NC). The magnetic fluid was synthesized by
chemical peptization using oleic acid and Isopar-M as surfactant and carrier, respectively.
Aniline monomer, sodium dodecyl sulphate (SDS), ethyl benzene, ammonium persulfate
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(APS) and magnetic fluid were reacted at room temperature for several hours to synthesize
the magnetic-conducting nanocomposite. PANI-FFe3O4 NC was characterized by
conductivity, VSM, and STEM. Both, the magnetic fluid and the nanocomposite show a
superparamagnetic behaviour with MS of 21.3 and 2.83 emu/g, respectively. STEM
micrographs indicate that the nanocomposite fibers have a uniform diameter of 60 nm.
Keywords: ferrofluid nanocomposite, nanoparticles, magnetic conducting
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Experimental Methodology

further purification. FeCl3 6H2O 98%,

Materials and equipment

FeCl2 4H2O 99%, NH4OH 28%, oleic

All chemicals used in this work were
reagent grade and were used without

acid 90%, aniline 98%, SDS, APS and
ethyl benzene were provided by Aldrich;
Isopar-M were industrial grade.

Methodology
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Synthesis
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particle size and particle size distribution
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Results and Discussion
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Figure 1. Magnetization curves of a) magnetic fluid and b) PANI-FFe3O4 nanocomposite.

Scanning Electron Microscopy

distribution histograms were calculates as

Figure 2 a) y b) shows an electron

shown in Fig 2 b). Particle sizes between

micrograph of the magnetic particles and

6 and 22 nm are observed, with a mean

the particle size distribution obtained.

size of 12 nm. The particles showed a

Using TEM micrographs the particles size

spherical morphology.
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Figure 2. a) Photograph of TEM of magnetite obtained by coprecipitation method, and b)
particle size distribution of magnetic particles.
Figure 3 shows a micrograph of the

determined by STEM. A micrograph of

magnetic

nanocomposite

magnetic nanoparticles embedded in the

We
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magnetic-conducting nanocomposite. The
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particles are spherical with diameters

obtained

fluid
by

and

STEM.

magnetic-conducting
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about 60 and 400 nm, respectively.
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and
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due

The morphology and particle size of the
magnetic fluid and nanocomposite were

12

nm.

These
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some
to
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are
them
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interactions among them. The inset in
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Figure 3 shows the magnetic-conducting

length sizes of about 60 and 400 nm,

nanocomposite fibers with diameter and

respectively

.

Figure 3. STEM micrographs of magnetic nanoparticles embedded into PANI-FFe3O4
nanocomposite and nanocomposite fibres (inset).
The distribution of magnetic fluid seems
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Nanofibers

PANI-FFe3O4 Nanocomposite
Conductivity
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magnetic-conducting
composite

containing

of
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due

to
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Fe3O4 could be due to an increase in the
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under further study.

CONCLUSIONS
Nanofibers
PANI-FFe3O4

of

magnetic-conducting
composite

containing

Fe3O4 nanoparticles (d  20 nm), with
diameter of 60 nm, length of 400 nm,
and conductivity of 2x10

Acknowledgments

-2

We

synthesized

miniemulsion

polymerization.

FFe3O4

NC

superparamagnetic
nanosized

Fe3O4

PANI-

exhibited
behavior
particles

a

due

to

in

the

composite.

S/cm, were

thank

CONACyT-México for the economic
support through CONACyT project CB2007/80159.

successfully

References
(1) Berkovski B. in Berkovski, B. and
Bashtovoy V. (1996). Magnetic
Fluids and Applications
Handbook. Begel House. United
States p. 3.
(2) Wan M., Li W, J. Polym Sci A:
Polym Chem., (1997), 35, p.21292136.

Año 1, No. 2

(3) Zhang Z. and Wan M., Synthetic
Metals, (2003), 132, p.205-212.
(4) Wan M. Zhou W. Li J. Synth. Met
(1996), 78 p.27-31.
(5) Yang Q. L., Zhai J., Song Y.,
Wan M., Jiang L., Xu W., Li Q.
Chem J. Chin Univ. (2003),
12(24) p.2290-2292.
(6) Van Herk A. M. Encapsulation of
Inorganic Particles Polymeric
Dispersions: Principles and
Applications, (1997), p.435-450.
(7) Betancourt-Galindo R., Saldívar
R., Rodríguez Fernández O. S.,
and Ramos de Valle L. F.,
Polymer Bulletin, (2004), 51,
p.395-402.
(8) Wan M. X., Li W. C. J. Polym. Sci
A: Polym. Chem. (1997), 35,
p.2129-2136.
(9) Deng J. G., He C. L., Peng Y. X.,
Wang J. H., Long X. P., Li P.,
Chan A.S.C., Synth. Met. (2003),
139, p.295-301.
(10) Wang H., Wang R., Wang L.,
Tian X. Colloids and Surfaces A:
Physicochemical and Engineering
Aspects. (2011), 384, p.4-629.
(11) Erdem B. Sudol E. D., Dimonie
V., El-Aasser M. S. J. Polym. Sci.
A: Polym. Chem. (2000). 38,
p.4419-4430.
(12) Erdem B. Sudol E. D., Dimonie
V., El-Aasser M. S. J. Polym. Sci.

MARZO-ABRIL
2013

A: Polym. Chem. (2000). 38,
p.4419-4430.
(13) Betancourt Galindo R.,
Rodríguez Fernández O. S.,
García Cerda L. A.
Magnethohydrodynamics (2008)
44(4), p.353-359.
(14) Marie E., Rothe R., Antonietti M
and Landfester K.
Macromolecules, 36, 3967-3973.

