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h i g h l i g h t s

" The effect of polymeric surfactants was studied on the growth of manganese ferrite nanoparticles.
" Nanoparticles were formed by attachment and growth of primary building blocks.
" Particle size was dependent to the kind of surfactant and the time and temperature of the reaction.
" Nanoparticles were collapsed after reaching a critical size.
" More collapses between primary building blocks were observed by using PEG10000.
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a b s t r a c t

The growth kinetics of manganese ferrite (MnFe2O4) nanoparticles was studied by solvothermal reaction
of iron and manganese salts in ethylene glycol as a solvent. To explore the mechanism of the nanoparticle
formation and development, polyethylene glycol (PEG) with different molecular weights and polyvinyl
pyrrolidone (PVP) were used as polymeric surfactants to investigate their effects on the formation of
MnFe2O4 nanoparticles. The size evolution and the size distribution not only dependent on the kind of
surfactant but also on the time and temperature of reaction process. In the presence of low molecular
weight PEG (PEG300), nanoparticles with diameter of 180 nm and narrow size distribution could be pro-
duced at 160 �C during 12 h of reaction while the nanoparticles with average size of 330 nm were formed
by using PEG300 at 200 �C and 48 h. Therefore, by increasing the temperature and the time of reaction, the
size of nanoparticles was increased and finally reached a critical size and then collapsed. When a large
molecular weight surfactant PEG10000 was used, the nanoparticles with average size of 230 nm were
formed at 180 �C and 60 h. In the case of PEG300 and PEG10000 as lower and higher molecular weights,
the separation between building blocks occurred after 60 h and 48 h for 180 �C and 200 �C, respectively.
However, more collapses between primary building blocks were observed by using PEG10000. The nano-
particles were composed of small building blocks and exhibited a spherical mesocrystal structure which
was demonstrated from the TEM and scanning electron microscope (SEM) results. The investigation on
the growth mechanism of the nanoparticles indicated that the formation of manganese ferrite was fol-
lowed by the attachment and growth of primary building blocks and their Ostwald ripening process.

� 2012 Elsevier B.V. All rights reserved.

1. Introduction

Magnetic nanoparticles have attracted great interests [1–6].
One of the most important groups of magnetic nanoparticles is fer-
rite which has a very high magnetization value at room tempera-
ture [7]. Manganese ferrite (MnFe2O4) as a superparamagnetic
nanoparticle has a very high magnetization capacity owing to its

large magnetic spin magnitude [8]. It has been widely used in elec-
tronic [9,10], contrast-enhancement agents in MRI technology [11–
13] and recording media [14]. However, magnetic properties of the
nanoparticles and its application are strongly dependent on the
size, shape, morphology and crystallinity of the nanoparticles
[15–19]. Manganese ferrite nanoparticles with different sizes and
morphologies have been synthesized by different methods. Some
of these methods include ball milling [20], co-precipitation of
Mn2+ and Fe3+ in aqueous solution [21], reverse micelle [22,23],
thermal decomposition [24–27], and solvothermal method [19].
The last method offers many advantages over the others such as
its simplicity, high crystallinity of the products, capability to
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