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A B S T R A C T

The increasing demand for Co, Nd, and Dy, particularly in neodymium iron boron (NdFeB) magnets, has
heightened concerns over their supply risks. Developing efficient, environmentally friendly methods to recover
Co, Nd, and Dy from spent NdFeB magnets is therefore critical. This study presents the synthesis of two types of
crystalline zirconium phosphate (ZrP) encapsulated in polyacrylonitrile (PAN) composite beads. The structure,
morphology, and chemical properties were analyzed using X-ray diffraction (XRD), thermogravimetry (TG),
Fourier-transform infrared spectroscopy (FT-IR), scanning electron microscopy (SEM), X-ray computed tomog-
raphy (XCT), transmission electron microscopy (TEM), Brunauer-Emmett-Teller (BET), and 31P nuclear magnetic
resonance (NMR). The intercalation of dimethylformamide (DMF) enlarged the interlayer spacing of α-ZrP and
γ-ZrP, thereby enhancing their ion exchange properties. Batch sorption experiments revealed that α-ZrP/PAN
outperformed γ-ZrP/PAN in both sorption and separation efficiency. α-ZrP/PAN beads exhibited high selectivity
for Nd3+ and Dy3+, with minimal Co2+ sorption (8.57 %). Stepwise elution studies on α-ZrP/PAN demonstrated
the obtained metal purities to be ~100 wt% for Co, 64.1 wt% for Nd, and 96.5 wt% for Dy. Sorbent regeneration
was investigated over ten sorption–desorption cycles, which revealed that α-ZrP/PAN retained 72.72 % of its
sorption capacity, demonstrating excellent reusability and stability, while γ-ZrP/PAN’s capacity declined to
68.95 % after five cycles. The ion-exchange reaction accompanied by shrinking of the interlayer space was
illustrated by combining the batch sorption experiments, column operations, and analyses from XRD, FT-IR, and
X-ray photoelectron spectroscopy (XPS). Overall, α-ZrP/PAN shows promise for Co, Nd, and Dy separation from
NdFeB magnets, although further optimization of sorbents and elution agents is necessary.

1. Introduction

Neodymium iron boron (NdFeB) magnets, the strongest type of
permanent magnet commercially available, are extensively used in
various applications due to their high magnetic strength. In recent de-
cades, the high performance of NdFeB magnets has been in great de-
mand due to the continuing miniaturization of motors, hard drives, and
wind turbines [1]. To meet the special requirements for different ap-
plications, a certain amount of Co and Dy is added to NdFeB magnets to

improve their high-temperature stability, wear resistance, and corrosion
resistance [2]. Nd, Dy, and Co are typically abundant and valuable
metals in NdFeBmagnets. Consequently, recycling these valuable metals
from NdFeB magnets has been reported as a viable method for supplying
rare earth elements (REEs) and Co for magnet production [3–5].
Furthermore, efficient recycling of REEs can help ensure a secure the
supply of critical elements and also reduce ore mining and the envi-
ronmental problems associated with unresponsible mining [2,6].

Numerous studies have reported methods with the ability to recover

* Corresponding author.
E-mail addresses: luozhongyan@fjirsm.ac.cn (Z. Luo), jukka.kuva@gtk.fi (J. Kuva), Jan.Luyten@eu.umicore.com (J. Luyten), risto.koivula@helsinki.fi

(R. Koivula), malgorzata.szlachta@tuni.fi (M. Szlachta), hlbao@fjirsm.ac.cn (H. Bao), junhua.xu@gtk.fi (J. Xu).

Contents lists available at ScienceDirect

Separation and Purification Technology

journal homepage: www.elsevier.com/locate/seppur

https://doi.org/10.1016/j.seppur.2024.131087
Received 29 September 2024; Received in revised form 13 December 2024; Accepted 13 December 2024

Separation and Puriϧcation Technology 360 (2025) 131087 

Available online 15 December 2024 
1383-5866/© 2024 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ). 

mailto:luozhongyan@fjirsm.ac.cn
mailto:jukka.kuva@gtk.fi
mailto:Jan.Luyten@eu.umicore.com
mailto:risto.koivula@helsinki.fi
mailto:malgorzata.szlachta@tuni.fi
mailto:hlbao@fjirsm.ac.cn
mailto:junhua.xu@gtk.fi
www.sciencedirect.com/science/journal/13835866
https://www.elsevier.com/locate/seppur
https://doi.org/10.1016/j.seppur.2024.131087
https://doi.org/10.1016/j.seppur.2024.131087
https://doi.org/10.1016/j.seppur.2024.131087
http://creativecommons.org/licenses/by/4.0/
























https://doi.org/10.1016/j.seppur.2024.131087
https://doi.org/10.1016/j.seppur.2024.131087



	Insights into the mechanism of separation of Co, Nd, and Dy by different crystal structures of zirconium phosphate in bead form
	1 Introduction
	2 Experimental methods


