Accepted Manuscript journal of

magnetism
and
magnetic
materials

VOLUME 425
1 MARCH 2017

Magnetic Detection of Nanoparticle Sedimentation in Magnetized Ferrofluids

Alex van Silfhout, Ben Erné

Editor-in-Chief:
$.D. BADER

PII: S0304-8853(18)31897-3 .;GMO
DOI: https://doi.org/10.1016/j.jmmm.2018.10.010 SREA TSNS
Reference: MAGMA 64421 @

To appear in: Journal of Magnetism and Magnetic Materials o
Received Date: 20 June 2018

Revised Date: 12 September 2018

Accepted Date: 1 October 2018

Please cite this article as: A. van Silthout, B. Erné, Magnetic Detection of Nanoparticle Sedimentation in Magnetized
Ferrofluids, Journal of Magnetism and Magnetic Materials (2018), doi: https://doi.org/10.1016/j.jmmm.
2018.10.010

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


https://doi.org/10.1016/j.jmmm.2018.10.010
https://doi.org/10.1016/j.jmmm.2018.10.010
https://doi.org/10.1016/j.jmmm.2018.10.010

Magnetic Detection of Nanoparticle Sedimentation in Magnetized Ferrofluids
Alex van Silfhout, Ben Erné*

Van 't Hoff laboratory for Physical and Colloid Chemistry, Debye Institute for Nanomaterials Science,
Utrecht University, The Netherlands
* Corresponding author: b.h.erne@uu.nl

Abstract

Colloidal stability in external magnetic field is crucial for applications  of
ferrofluids. Here, we introduce a magnetic analysis approach to monitor how
rapidly magnetic nanoparticles are pulled out of the liquid in an external magnetic
field gradient. The motion of the sedimentation front is deduced from the time-
dependent field produced by a column of ferrofluid placed on a permanent
magnet. Citrate-stabilized nanoparticles in a homemade aqueous ferrofluid are
found to sediment at the rate expected of single nanoparticles. More rapid
sedimentation occurs in two other types of ferrofluid, indicating that our
magnetic sedimentation analysis method can differentiate ferrofluids with respect
to their in-field colloidal stability. Our method.is further validated by comparison
with time-dependent X-ray transmission profiles.
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Bullet points

1. Nanoparticles in a ferrofluid sediment in external magnetic field gradient.

2. Sedimentation changes the external magnetic field produced by magnetized
ferrofluid.

3. Sedimentation rates were calculated from the measured external field of ferrofluids.
4. Sedimentation rates from X-ray transmission profiles validate our magnetic approach.

1. Introduction

Ferrofluids are concentrated colloidal dispersions of magnetic nanoparticles that behave as liquid
magnets in external field. Oil-based ferrofluids are used as lubricants in many applications, with the
advantage that they can be magnetically kept into place.[1-5] Another type of application of
ferrofluids exploits the phenomenon of magnetic levitation: a nonmagnetic object that would sink in
a normal liquid can be made to levitate in a ferrofluid, whose apparent mass density can be tuned
via the magnetization of the fluid and via the magnetic field gradient.[5] Magnetic levitation has
been applied for decades in the diamond industry, to separate diamonds from gangue material,[6]
and currently, magnetic levitation is being developed as a technology to separate solid waste
materials for recycling.[7] The separation of plastics by magnetic density separation requires new
low-cost high-stability ferrofluids that are water based, to prevent the dissolution of plastic.
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