Author’s Accepted Manuscript

journai of
magnetism
and
) ) ) magnetic
Structure and viscosity of a transformer oil-based materials

ferrofluid under an external electric field

M. Rajnak, M. Timko, P. Kopcansky, K.
Paulovicova, J. Tothova, J. Kurimsky, B. Dolnik,
R. Cimbala, M.V. Avdeev, V.I. Petrenko, A.
Feoktystov

www.elsevier.comvlocate/jmmm

PII: S0304-8853(16)32446-5
DOI: http://dx.doi.org/10.1016/j.jmmm.2016.10.008
Reference: MAGMA61920

To appear in:  Journal of Magnetism and Magnetic Materials

Received date: 30 June 2016
Revised date: 30 September 2016
Accepted date: 1 October 2016

Cite this article as: M. Rajnak, M. Timko, P. Kopcansky, K. Paulovicova, J
Tothova, J. Kurimsky, B. Dolnik, R. Cimbala, M.V. Avdeev, V.I. Petrenko and
A. Feoktystov, Structure and viscosity of a transformer oil-based ferrofluid unde

an external electric field, Journal of Magnetism and Magnetic Materials
http://dx.doi.org/10.1016/j.jmmm.2016.10.008

This is a PDF file of an unedited manuscript that has been accepted fo
publication. As a service to our customers we are providing this early version o
the manuscript. The manuscript will undergo copyediting, typesetting, an
review of the resulting galley proof before it is published in its final citable forn
Please note that during the production process errors may be discovered whic
could affect the content, and all legal disclaimers that apply to the journal pertain


http://www.elsevier.com/locate/jmmm
http://dx.doi.org/10.1016/j.jmmm.2016.10.008
http://dx.doi.org/10.1016/j.jmmm.2016.10.008

Structure and viscosity of a transformer oil-based ferrofluid
under an external electric field

M. Rajnak®®™, M. Timko® P. Kopcansky?, K. Paulovicova®, J. Tothova®, J. Kurimsky®,
B. Dolnik®, R. Cimbala®, M. V. AvdeeV, V. I. Petrenko®, A. Feoktystov,

nstitute of Experimental Physics SAS, Watsonova 47, 04001 Kosice, Slovakia

®Faculty of Electrical Engineering and Informatics, Technical University of Kosice, Letnd 9, 04200

Kosice, Slovakia
‘Joint Institute for Nuclear Research, Joliot-Curie 6, 141980 Dubna, Moscow region, Russia
%Julich Centre for Neutron Science (JCNS) at Heinz Maier-Leibnitz Zentrum (MLZ),
Forschungszentrum Jilich GmbH, Lichtenbergstr. 1, 85748 Garching, Germany
“corresponding author ’s email address: rajnak@saske.sk
Abstract

Various structural changes of ferrofluids have been intensively studied under external
magnetic fields. In this work we present an experimental evidence of similar changes
induced by an electric field. In the context of the electric field effect on ferrofluids
structure, we studied a simple ferrofluid consisting of iron oxide nanoparticles coated with
oleic acid and dispersed in transformer oil. The structural changes have been observed both
on macroscopic and microscopic scale. We also demonstrate a remarkable impact of the
electric field on the ferrofluid viscosity in relation to the reported structural changes. It was
found that the electric field induced viscosity changes are analogous to the magnetoviscous
effect. These changes and the electroviscous effect are believed to stem from the dielectric
permittivity contrast between the iron oxide nanoparticles and transformer oil, giving rise
to the effective electric polarization of the nanoparticles. It is highlighted that this
electrorheological effect should be considered in studies of ferrofluids for high voltage
engineering applications, as it can have impact on the thermomagnetic convection or the

dielectric breakdown performance.
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1. Introduction

During the last decades, much effort has been made to explore the structural behavior
of ferrofluids and related phenomena when exposed to external magnetic fields. The

magnetic nanoparticle interactions and subsequent structural reorganization, aggregates,

chains and pattern formation have been intensively studied by various experimental
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