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 Abstract 

Neodymium magnets currently dominate the magnet market due to their superior magnetic proper-

ties with maximum volume minimization. In this paper, the results of X-ray analysis for two types of 

magnetic powder obtained from the recovered magnets traditionally used in electric motors and hard 

disk have been presented. The NdFeB magnets are composed of 25-35 wt. % rare earth elements 

(RE) and the rest being transition metals (mainly Fe.). RE, other than Nd, such Dy, Pr, Tb and Gd or 

exogen elements, other than Fe, such as Al, Co, Ga, Nb, Si, Cu and Zr can also be present as minor 

admixtures. This paper brings an opportunity to introduce the hard magnets recycling technology on 

an industrial scale.  
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1. Introduction 

The development of civilization depends on the quality of 

materials used in the technology, and in the era of materials 

recycling, the most important technologies are the ones 

which strengthen the secondary processing of materials. Due 

to ecological dangers, methods of processing and re-utilizing 

materials of varying complexity as well as various utilitarian 

parameters are sought (KARDAS E. 2016). 

From the beginning of the 20th century many advances 

have been made with the use of magnetic materials. Due to 

the constant pursuit of miniaturization of devices, expensive 

magnetic materials, including sintered neodymium and sa-

marium magnets, are used for this purpose. As is clear from 

the data that have been presented by the European Commis-

sion, the customer demand as well as the production volume 

of electrical equipment is constantly increasing (continuously 

over the last decades), this is mainly in case of computers, 

TV sets, sound systems, refrigerators, mobile phones produc-

tion (EUROPEAN COMMISSION 2016). The rapid rate of tech-

nological development combined with a decrease in the pric-

es of electrical and electronic equipment and the growing 

demand has led to significant increase of generated waste 

streams. It is estimated that a quantity of 30-50 million tons 

of electrical and electronic equipment waste is produced 

worldwide every year (CUCCHIELLA F., ET AL. 2015). There-

fore, new methods for recovering expensive materials from 

accumulating electronic waste are considered. Nowadays, the 

magnetic materials marked focuse on rare earth (RE) and 

transitional (M) metals-based materials, thus, their allow for 

the creation of permanent magnets with high magnetic prop-

erties. Due to a high level of magnetic energy of these mag-

nets there give the ability for significant miniaturization of 

electronic and mechanical devices. In recent years, an im-

portant research area is also the recovery of magnetic materi-

als, in particular those containing rare earth elements in their 

composition (SCHEN S., ET AL. 2017). It is important due to 

the limited natural resources - limitation of the extraction of 

monocytic sand, which is the basic mineral from which pure 

Nd is obtained (KOBAYASHI K., ET AL. 2014).These limita-

tions and the demand for magnetic materials forces a full 

analysis of the waste magnets from commonly used in gen-

eral-purpose devices. 

Depending on stoichiometry (a specially neodymium 

content) and structure morphology in magnetic Nd-alloys, 

the three different types of NdFeB alloys can be highlighted: 

(1) low neodymium or nanocrystalline alloys, (2) stoichio-

metric or single-phase alloys, and decouples or neodymium 



KATARZYNA KAPUSTKA, ET AL. / PRODUCTION ENGINEERING ARCHIVES 17 (2017) 36-39 

 37                                                                           ARCHIWUM INŻYNIERII PRODUKCJI 

 

rich alloys (GOLL D., KRONMÜLLER H. 2000). Each type is 

characterized by distinctive structure and magnetic properties 

that determine their field of application. While low neodymi-

um and single-phase alloys are suitable for bonded magnets 

production, the neodymium rich alloys are more suitable for 

high-coercive sintered magnets production.  

The structure of the nanocomposite NdFeB alloy with Nd 

low content is composed of a mixture of magnetically hard 

Nd2Fe14B (ferromagnetic phase 2:141:1) and soft Fe3B, α-Fe 

or Fe3B/α-Fe phases (GUTFLEISCH O. 2000). The exchange 

coupling that occurs between the grains of hard magnetic 

phases and the soft magnetic Fe-rich grains explains the total 

magnetic properties, becomes more pronounced on nanoscale 

(TAO S., ET AL. 2017). The main condition for obtaining the 

nanocomposite structure is uniform distribution of soft and 

hard phases in magnetic matrix, where size of crystal grains 

should be less than 40 nm (TAN G. S., ET AL. 2017). For the 

most past, these magnets are composed of Nd, Fe and B. 

However, additions of small amounts of other elements 

change the magnetic properties and improve utility at higher 

temperature. In the other hand an effective method to im-

prove the coercivity in nanocomposite alloys by increasing 

the anisotropy field of the hard magnetic Nd2Fe14B phase is 

the Nd substitution by Dy  another deficit element from the 

group of rare earth metals (CHEN W., ET AL. 2004). 

The nature of the material makes this a difficult analysis: 

NdFeB magnets are formed by sintering a mixture of the 

powdered constituents at certain temperatures and pressures: 

The result is a dominant matrix composition depends on the 

grade of the material. Heterogeneous structures like this are 

difficult to analyze. To obtain the average composition with 

high precision, a typical procedure would be to use the  

X-Ray powder (XRD) technology. This paper presents the 

results of  X-ray analysis for two types of magnetic powder 

obtained from the recovered magnets traditionally used in 

electric motors and hard disk. 

 

2. Experimental 
 

The X-Ray powder diffraction (XRD) is a versatile, non-

destrutive analytical method for identification and quantita-

tive determination of crystalline phases present in powder 

and solid samples (CULLITY B. D., CULLITY S., STOCK, S. R. 

2001). The X-Ray diffraction is based on Bragg´s law (Equa-

tion 1). Atoms arranged randomly scatter the X-rays in all 

directions. However, atoms in periodic arrangement, such as 

crystals, directions which satisfy Bragg´s law cause scatter-

ing and is known as diffraction. The amplitude in diffraction 

is additive increasing the intensity at angles specific to the 

material. In directions which do not satisfy Bragg´s law there 

is no scattering because the scattered X-rays cancel each 

other out. 

nλ = 2d·sinϑ                                     (1) 

where: 

n - the diffraction order, the total number, but not quite high, 

due to the fact that sinθ  < 1; 

λ - wavelength of X-ray radiation, such that: λ ≤ 2d; 

d - spacing - the distance between the crystal lattice; 

θ - reflecting angle. 

These techniques ensure a very high precision analytical 

result describing the average composition of the material but 

does not provide any information about the structure.   

The demagnetized recovered magnets traditionally used in 

electric motors and hard disk (sintered material of general 

formula NdFeB) were prepared using described techniques. 

Taking into account the multi-phase structure of the magnets 

and neodymium high affinity to oxygen, the preparation of 

materials has been conducted in a noble gas atmosphere (Ar). 

For demagnetization, the magnetic material has been heated 

in an oven to a temperature above the Curie temperature. 

Subsequently grinding in ball mill has been performed, keep-

ing in mind that excessive fragmentation of the powder will 

reduce the magnetic coercivity – characteristized magnetic 

material with grain size 18-30 µm have been used as testing 

material. The recovered magnets traditionally used in electric 

motors and hard disk were milled and blended and pressed 

into a pellet or dissolved in a flux to form a disk this ensured 

practically the same density (±1%) of the samples. In order 

to minimalize the influence of the samples porosity on test 

results, the identical procedure of the powder preparation has 

been applied. The studies have been performed on demagnet-

ized  samples. 

3. Results and discussion  

The recovered magnets traditionally used in electric motors 

and hard disk in terms of their re-use have been characterized 

by X-Ray powder diffraction (XRD). In Figure 1, Table 1 

and 2 the detailed chemical characteristics of two types ana-

lyzed magnets have been presented.  

 
Table 1. Chemical composition of magnets from electric motors 

Chemical 

composition 

electric motors 

Content [%] Chemical 

composition 

Content [ppm] 

B 0.86 Al 478 

Co 1.91 Ca 129 

Dy 8.91 Cr 116 

Fe 62.33 Cu 985 

Nd 22.03 Mn 291 

Pr 0.78 Pb 1729 

Tb 0.05   

 
Table 2. Chemical composition of magnets from hard disk 

Chemical 

composition 

electric motors 

Content [%] Chemical 

composition 

Content [ppm] 

B 0.96 Al 478 

Co 14.54 Ca 227 

Dy 15.50 Cu 123 

Fe 63.92 Mn 417 

Nd 24.96 Pb 10 

Pr 28.97   

Tb 1.31   
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Fig. 1. X-ray spectrum for recovered magnets from electric motors 

 

Based on a representative X-ray spectrum and the data con-

tained in Tables 1 and 2, it can be seen that both recovered 

magnets from electric motors, as well as from hard disk are 

characterized by a high content of rare earths elements  

(> 30 % at.), which is typical for magnets sintered with the 

participation of liquid phase and typical for magnets with 

unique magnetic properties (very good coercive, remanence 

and maximum magnetic force parameters). Apart from the 

main alloy component (RE = Nd), the presence of dysprosi-

um, praseodymium and terbium have been also detected. It is 

worth noting that in the case of magnets recovered from hard 

disk the share of Dy, Pr and Tb components is much greater 

then in recovered magnets from electric motors. As in this 

type of magnets the main transition metal is iron, that is why 

its content is over 60% at.. Fe is also supplemented by the 

presence of cobalt. Other detected transition metals are also: 

copper, aluminium, lead, magnesium, chromium and calcium 

 the content of these elements is trace. It is worth noting 

that in the case of magnets recovered from hard disk the 

share of Co components is much greater then in recovered 

magnets from electric motors, which may indicate a greater 

nobility of phases. Boron is difficult to detect with XRD 

because of low-energy and X-ray absorption by the window 

in front of the detector.  

Modification of properties by introducing four or more 

components is primarily intended to improve the temperature 

Curie and coefficients temperature. Two additional ingredi-

ents are commonly used in this area: dysprosium and cobalt. 

Dysprosium in the amount of 10 ± 20% are put into place 

neodymium, while cobalt in the same amount to the place of 

iron (JIANG J., ET AL., 2001). The addition of dysprosium or 

other heavy rare earths increases the field of magnetic anisot-

ropy and coercivity and, thus, improved coefficients tem-

perature and Curie temperature (DING G., ET AL., 2017). 

Cobalt is a basic additive for increasing temperature Curie 

(PAN M., ET AL., 2010). 

The HDDs of computer and magnets of electric motors 

randomly selected, were initially evaluated regarding their 

weights.  

 
  Magnet 

Computer Average (g) 

St. Deviation (g) 

18.6 

1.1 

Electric motor Average (g) 

St. Deviation (g) 

1500 

15.6 

Fig. 2. The weight of NdFeB magnets in Computer and Electric 

motor 

Microstructure plays a crucial role in the magnetic properties 

of NdFeB magnets. The magnetization and demagnetization 

can be altered by controlling the size, shape, and orientation 

of the grains. To achieve different microstructures, three 

different processing techniques are currently employed pow-

dered metallurgical methods-sintering and melt spinning and 

mechanical alloying (SKOMSKI R., COEY J. M. D. 1999).  

4. Summary and conclusion 

This study aims to research under the two types of magnet-

ic powder obtained from recovered magnets used in electric 

motors and hard disk. The results show that both recovered 

magnets are characterized by a high content of rare earths 

elements, which is typical for magnets sintered with the 

participation of liquid phase and typical for magnets with 

unique magnetic properties (very good coercive, remanence 

and maximum magnetic force parameters). Modification of 
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properties by addition of four or more components improved 

the temperature Curie and coefficients temperature.  

On the basis of preliminary research  the study of the 

chemical composition of powder   it can be concluded that 

it is possible to reuse magnetically RE-M-B hard magnets. It 

creates an opportunity to design an innovative ecological 

recycling technology of magnetic material based on perma-

nent magnets. However, this technology must fulfill the 

necessary conditions, which are, from the economic point of 

view, cost-effectiveness and efficiency.  

Acknowledgements 

The authors are grateful to Department of Mineral and Waste Pro-

cessing (IFAD Institute) for their help for XRD analysis in the 

Technical University in Clausthal.  

I am thankful for scholarship (promotion) of a research project at 

the German Federal Foundation Environment. 

Reference 

 CHEN W., ET AL. 2004. Effective anisotropy, exchange-coupling length and 
coercivity in Nd 8− x R x Fe 87.5 B 4.5 (R= Dy, Sm, x= 0–0.6) nano-

composite, Materials Science and Engineering: B, 110, 1, 107-110, 

https://doi.org/10.1016/j.mseb.2004.02.012 
CUCCHIELLA F., D´ADAMO I., LENNY KOH S. C., ROSA P., 2015. Recycling 

of WEEEs: an economic assessment of present and future e-waste 

streams. Renewable and Sustainable Energy Reviews, 51, 263–272, 
https://doi.org/10.1016/j.rser.2015.06.010 

CULLITY B. D., CULLITY S., STOCK S. R. 2001. Elements of X-ray Diffrac-

tion, Upper Saddle River, NJ: Prentice Hall.  
 DING G., GUO S., CHEN L., DI J., CHEN K., CHEN R., LEE D., YAN A. 2017. 

Effects of the grain size on domain structure and thermal stability of 

sintered Nd-Fe-B magnets, Jurnal of Alloys and Compounds, 735, 
1176-1180. 

EUROPEAN COMMISSION 2016. Study on harmonisation of the format for 

registration and reporting of producers of Electrical and Electronic 
Equipment (EEE) to the national register and on the frequency of re-

porting. 

 GOLL D., KRONMÜLLER H. 2000. High-performance permanent magnets, 
Naturwissenschaften, 87, 10, 423-438. 

 GUTFLEISCH O. 2000. Controlling the properties of high energy density 

permanent magnetic materials by different processing routes, Journal 
of Physics D, 33, 17, 157-172. 

JIANG J., ZENG Z., YU J., WU J., TOKUNAGA M. 2001. The effect of Co 

addition on the fracture strength of NdFeB sintered magnets, Interme-
tallics 9, 269-272. 

KARDAS E. 2016. The assessment of quality of products using selected 

quality instruments,  Production Engineering Archives, Vol. 10, No 1, 
5-8. 

KOBAYASHI K., URUSHIBATA K., MATSUSHITA T., SAKAMOTO S., SUZUKI S. 

2014. Magnetic properties and domain structures in Nd-Fe-B sintered 
magnets with Tb additive reactes and diffused from the sample surface, 

Jurnal of Alloys and Compounds 615, 569-575. 

ÖNAL M. BORRA C., GUO M., BLANPAIN B., GERVEN T. 2017. Hydrometal-
lurgical recycling of NdFeB magnets: Complete leaching, iron remov-

al and electrolysis, Journal of Rare Earths, 35, 574. 

PAN M., ZHANG P., LI X., GE H., WU Q., JIAO Z., LIU T. 2010. Effect of 

Terbium addition on the coercivity of the sintered NdFeB magnets, 

Jurnal od Rare Earths, Vol. 28, 399. 
SCHEN S., TSOI M., PROSPERI D., TUDOR C., DOVE S., BEVAN A., FURLAN 

G., ZAKOTNIK M. 2017. A comparative study of magnetoresistance and 

magnetic structure in recycled vs. virgin NdFeB-type sintered magnets, 
Jurnal of Magnetism and Magnetic Materials, 422, 158-162. 

SKOMSKI R., COES J.M.D. 1999. Permanent Magnetism. Philadelphia: 

Institute of Physics Publishing. 
TAN G. S., ET AL. 2017. Study on magnetic properties of (Nd 0.8 Ce 0.2) 2− 

xFe 12 Co 2 B (x= 0–0.6) alloys, Journal of Magnetism and Magnetic 

Materials, 437, 17-22, https://doi.org/10.1016/j.jmmm.2017.04.032 
TAO S., ET AL. 2018. High-coercivity Nd 7.5 Y 2.7 Fe 62 B 22.3 Nb 3.1 Cu 

2.4 nanocomposite magnet produced by rapid solidification process, 

Journal of Alloys and Compounds, 735, 81-87, 
https://doi.org/10.1016/j.jallcom.2017.11.106. 

 

 

 

 

 

 

 

 

 

 

再生钕磁铁化学性质方面的技术和生态安全 - 电动机和硬盘 

關鍵詞 

钕磁铁 

稀土元素 

化学性质 

硬盘 

电动机 

 摘要 

钕磁体目前在磁体市场占主导地位，因为它们具有优异的磁性，最大限度地减小了体积。 

本文介绍了从传统上用于电动机和硬盘的回收磁体中获得的两种磁粉的 X 射线分析结果。 

NdFeB 磁体由 25-35 重量％的稀土元素（RE）组成，其余为过渡金属（主要为 Fe）。除 Nd 以

外的稀土元素 Dy，Pr，Tb和 Gd 或除 Fe 以外的外生元素如 Al，Co，Ga，Nb，Si，Cu 和 Zr也

可作为次要掺合物存在。本文提供了一个工业规模介绍硬磁回收技术的机会。 

 


