
Vol. 127 (2015) ACTA PHYSICA POLONICA A No. 2

Proceedings of the European Conference Physics of Magnetism, Pozna« 2014

Magnetic Properties of Bulk and Thin Nd2Fe14B Films

after Corrosion Action

V. Constantina, E.I. Neac³ua, A.M. Popescua, A. Galyasb, O. Demidenkob,*

and K. Yanushkevichb

a�Ilie Murgulescu� Institute of Physical Chemistry of the Romanian Academy,

Splaiul Independentei 202, Bucharest, Romania
bScienti�c-Practical Materials Research Center NAS, P. Brovki Str. 19, Minsk, Belarus

The corrosion action for bulk and thin Nd2Fe14B �lms magnets in di�erent corrosion media was studied.
The thin Nd�Fe�B �lms of 100 nm ≤ d ≤ 1000 nm were deposited on glass substrate by ��ash� evaporation
method. The structure and microstructure of the samples were studied by X-ray di�raction analysis, scanning
electron microscopy. The temperature dependence of the magnetization before and after corrosion action was
carried out by ponderomotive method in the temperature range 80 ≤ T ≤ 800 K. It is shown that the speci�c
magnetizations of the thin Nd�Fe�B �lms with d ≥ 1000 nm are comparable to those measured for the powder
samples. The values of the coercive and saturation �elds were determined from the hysteresis loops measurements.
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1. Introduction

During the last years, the using of sintered NdFeB
magnets in large motor and generator applications has
become more common. The remanence of NdFeB mate-
rial is superior in comparison to other types of magnet
materials. Thin �lms based on NdFeB permanent mag-
nets also are studied in the recent years, due to the fun-
damental interest [1�10] and due to their potentially ap-
plications in magnetic recording devices [11�14]. Actual
is the problem of corrosion protection of based on NdFeB
products in bulk and �lm states.
The aim of presented work is to investigate macromag-

netic properties of bulk and thin Nd�Fe�B layers pre-
pared onto glass substrate after corrosive action.

2. Experimental

A commercially available MQP-B powder product was
used as a precursor. Thin Nd2Fe14B layers were de-
posited by thermal evaporation (�ash method) in a stan-
dard sputtering equipment UHV-71R-2 type on the glass
substrates. A special device on the basis of shock vi-
bration for a strictly dosed spilling powder charge into
the evaporation zone was applied. During deposition
the powder grains fall on the tantalum evaporator, heated
to a temperature signi�cantly above the melting point of
the evaporated material (≈ 2500 ◦C). Rapid evaporation
and subsequent cooling of the sample maintains its com-
position and structure.
The crystal structure of the as-deposited alloy thin

�lms was characterized by X-ray di�raction (XRD) using
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an X-ray di�ractometer (model DRON-2, Russia) with
Cu Kα-radiation. X-ray pictures were obtained by auto-
matic recording of re�ection intensities with 0.03◦ scan-
ning step and 2�3 s exposition per step.
The morphology of the obtained thin �lms was an-

alyzed before and after the corrosion process by scan-
ning electron microscopy (SEM) using �Philips XL-30-
SEM� equipped with an energy dispersive X-ray spectro-
meter (EDS). The accuracy of the measurements for
the used equipment was about ±0.1 wt%.
The investigations of the speci�c magnetization for

the bulk and thin Nd�Fe�B �lms were carried out by pon-
deromotive method in a magnetic �eld of 0.86 T in
the temperature range of 80�1100 K [15].
The corrosion behavior of NdFeB thin �lms was in-

vestigated by open circuit potential (OCP) and anodic
polarization curves (linear and Tafel) using a potentio-
stat/galvanostat Princeton-PARSTAT 2273 (with a spe-
cialized soft �Power Corr�) in a 3.5 wt% NaCl aerated
solution at a temperature of 25± 2 ◦C. The electrochem-
ical measurements were performed in a glass cell of 50 ml
capacity with thermostated jacket, with a conventional
three electrodes: Ag/AgCl (with KCl 0.3 M) as the refer-
ence electrode and a platinum plate as counter electrode,
both of them of Radiometer production. Each working
electrodes had 1 cm2 of exposed surface.

3. Results and discussion

The X-ray analysis of the bulk permanent magnets
samples and powders obtained by crushing the magnets
themselves, showed that their crystal structure is almost
identical. It corresponds to the tetragonal R42/mnm
space group of Nd2Fe14B compound [16]. X-ray pat-
terns of the thin �lms with the thickness of ≈1000 nm
indicate the presence of a free iron. With decreasing
thickness of layers in the observed X-ray patterns one
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can see di�use re�ections of the �halo� type instead of
a large number of distinct re�ections of the tetragonal
structure for the Nd2Fe14B powder. This experiment re-
vealed the signi�cant amorphous structure with decreas-
ing �lm thickness.
X-ray photoelectron spectrosopy analysis of the thin

�lm was used to determine the chemical states of the ele-
ments present on the surface. The high resolution photo-
electron spectra of the most signi�cant XPS transitions
(C 1s, O 1s, Fe 2p, Nd 3d, and B 1s) were recorded for
the as-prepared and sputtering samples (1 min, 2 min).
The presence of C 1s peak on the XPS spectra is due to

environmental contamination or handling of the samples.
It was already shown that the peaks of Fe and Nd can be
found in the spectrum NdFeB of the Nd-rich phase [17].
On the surface of the analyzed samples the key elements
(Nd, Fe, B) are oxidized (Nd2O3, Fe2O3, B2O3) except
boron which is found also as borate.
SEM images for the thin �lm samples with the magni-

tude of 500× and 2000× show the existence of discontinu-
ities like little holes. EDS analysis shows only the peaks
corresponding to Fe, Nd and O. The peaks observed for
C and Si are originating from the glass substrate.

Fig. 1. Temperature dependence of speci�c magnetiza-
tion for Nd2Fe14B initial power before corrosion action.

From temperature dependence of the speci�c magne-
tization for the initial Nd�Fe�B powder (Fig. 1) it fol-
lows that the speci�c magnetization of the sample at
100 K exceeds 150 A m2 kg−1. The temperature depen-
dence of the speci�c magnetization during the cooling
process shows that the heating of the sample to 720 K
does not reduce the value of the speci�c magnetization.
The Curie temperature of these alloys, determined from
the σ2 = f(T ) dependence is equal to Tc = 570 K
(inset in Fig. 1). Analysis of σ = f(T ) for Nd�Fe�
B alloy in the range of 600�720 K indicates that pro-
longed exposure of the Nd2Fe14B powder at high tem-
peratures can lead to partial precipitation of iron and,
consequently, disruption of the chemical composition of
the alloy. The temperature dependence of the speci�c

magnetization σ = f(T ) of oxidation products in the sur-
face of Nd2Fe14B permanent magnet (Fig. 2) exhibit
anomalies indicating the existence of at least three mag-
netic phases with di�erent transition temperatures to
the paramagnetic state: T 1

c ≈ 600 K, T 2
c ≈ 830 K,

T 3
c ≈ 1040 K. Analyzing the temperature dependence

of the speci�c magnetization for di�erent stoichiometric
compositions of Nd2Fe14B, Fe3O4 and pure Fe, we can
conclude that these components determine the magnetic
properties of the samples after corrosive action.

Fig. 2. Temperature dependence of speci�c magnetiza-
tion for Nd2Fe14B initial power after corrosion action.

Fig. 3. Temperature dependence of speci�c magneti-
zation for Nd2Fe14B thin �lm with d > 100 nm before
corrosion action.

Figure 3 presents the temperature dependence of
the speci�c magnetization for Nd�Fe�B �lm with d >
100 nm. Measurements showed that the speci�c mag-
netization value in such layers decreases to about
≈105 A m2 kg−1 at 100 K. During the cooling,
the σ = f(T ) dependence indicates signi�cant reduction
of the speci�c magnetization. Such a behavior evidently
proves partial decomposition of the alloy.



370 V. Constantin et al.

After exposure to oxidation processes the speci�c mag-
netization and transition temperature to the paramag-
netic state increase (Fig. 4) up to 150 A m2 kg−1 and 840�
1010 K, respectively. This is probably due to the inten-
sive formation of Fe3O4 in the surface layer of the Nd�Fe�
B thin �lms. The transition temperature to the paramag-
netic state for Fe3O4 is in the range of TC ≈ 820−860 K
and for iron � TC ≈ 1040 K. Therefore, the release of
these ions from the thin Nd�Fe�B layers may increase
the speci�c magnetization.

Fig. 4. Temperature dependence of speci�c magneti-
zation for Nd2Fe14B thin �lm with d > 100 nm after
corrosion action.

4. Conclusions

The method for depositing thin Nd2Fe14B �lms onto
glass substrate is developed. The X-ray di�raction study
con�rmed the presence of the tetragonal R42/mnm space
group structure in the thin �lms, in accordance with
results observed for the Nd2Fe14B polycrystalline pow-
der. After corrosion action performed for the bulk and
thin Nd2Fe14B �lms we have observed elements such as
Nd2Fe14B, Fe3O4 and pure Fe.
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