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E�ect of Preparing Conditions on the Phase Constitution
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The aim of presented work was to study in�uence of preparing conditions on phase constitution and magnetic
properties of the RE�Fe�B nanocomposite magnets doped with Zr. X-ray studies carried out for samples obtained
under lower pressure of Ar atmosphere (0.6 × 105 Pa) revealed higher ability to formation of nanocrystalline
structure. In case of higher pressure of Ar (0.8 × 105 Pa) it was possible to obtain full amorphous ribbon during
melt-spinning process. The best magnetic properties (means the higher values of coercivity �eld JHc, remanence
Jr and maximum energy product (BH)max) were measured for sample prepared with the lowest copper wheel speed
20 m/s and higher pressure of Ar (0.8× 105 Pa).
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1. Introduction

Nanocomposite magnets consisting of two phases i.e.
magnetically soft α-Fe and magnetically hard RE2Fe14B
(RE = Nd, Pr, Dy) belong to the latest generation of
permanent magnets. Although many experimental and
theoretical papers have been published so far their prop-
erties are still intensively investigated. Magnetic param-
eters such as: coercivity JHc, remanence polarization Jr,
saturation polarization Js, and maximum energy prod-
uct (BH)max depend not only on the phase composi-
tion but also on their microstructure, determined by the
method of production. Magnets with the content of rare
earth elements lower than stoichiometric composition of
RE2Fe14B phase (RE < 11.7 at.%) and the grain size
lower than 45 nm exhibit enhanced remanence and maxi-
mum energy product [1�3]. The remanence enhancement
is attributed to the exchange interactions between nano-
metric grains of magnetically soft and hard phases [4].
The remanence polarization to the saturation polariza-
tion ratio Jr/Js, which is larger than 0.5 (Jr/Js = 0.5
according to the Stoner�Wohlfarth theory for single do-
main noninteracting particles [5]) may be a measure of
those interactions. But the exchange interactions lead to
the decrease in coercivity. The lower value of coercivity in
nanocomposite magnets may be compensated by partly
substituting praseodymium for neodymium atoms due
to the higher anisotropy �eld of Pr2Fe14B phase. As it
can be found in literature the best magnetic properties
(the highest remanence and maximum energy product)
may be obtained for Nd/Pr = 1/3 [3, 6]. Small additions
of Zr or Nb inhibit the grain growth in the nanocompos-
ite magnets during the microstructure optimizing pro-
cesses [7, 8].
The most common method of producing the magnetic

nanocomposite materials is the rapid quenching of the
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liquid alloy on the rotating copper wheel. By choosing
the technical parameters properly (parameters such as:
pressure of argon in the chamber or linear velocity of the
copper wheel). While the in�uence of the linear velocity
of the wheel on the magnetic properties of the ribbon was
investigated in many papers [9�12] only one paper was
published on the in�uence of the argon pressure [13].
The aim of this paper was to investigate the phase com-

position and magnetic properties of the nanocomposite
(Nd0.75Pr0.25)10Fe82Zr2B6 ribbons in as-cast state manu-
factured for di�erent values of Ar pressure in the chamber
and for di�erent linear velocities of the copper wheel.

2. Sample preparation and experimental method

The base material for producing the ribbons was the
(Nd0.75Pr0.25)10Fe82Zr2B6 alloy obtained by arc melting
method in protective argon atmosphere. In order to ho-
mogenize the material the samples were remelted sev-
eral times. Nanocomposite and amorphous ribbons were
prepared by melt-spinning technique under di�erent pa-
rameters, such as the pressure of argon in the chamber
and the linear wheel velocity. The pressure was equal to
0.8× 105 Pa and 0.6× 105 Pa and the linear velocity of
the wheel was 20, 35, and 45 m/s.
The phase composition of the ribbons was investigated

using the Bruker D8 Advance X-ray di�ractometer with
Cu Kα radiation and the LynxEye semiconductor detec-
tor.
Hysteresis loops of the ribbons were measured using

LakeShore vibrating sample magnetometer working at
the magnetic �eld up to 2 T at the room temperature.
From these loops the basic parameters such as remanence
polarization, coercivity, and saturation polarization were
determined.
The broadening of the di�raction peaks allowed to de-

termine the average grain size for the α-Fe and RE2Fe14B
phases using Scherrer's method.
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3. Results and discussion

Figure 1a,b shows X-ray patterns of the ribbons pro-
duced at the pressure equal to 0.6× 105 Pa, 0.8× 105 Pa
and wheel velocity values of 20, 35, 45 m/s in as-cast
state. The X-ray patterns for the sample obtained at the
larger pressure of argon (0.8 × 105 Pa) in the chamber
possess a broad amorphous halo with clear di�raction
peaks related to α-Fe and RE2Fe14B phases. This certi-
�es that the ribbons are partially crystalline. Lowering of
the linear velocity causes no decrease in the amorphous
halo but increase in the intensity of the di�raction peaks
originating from magnetically RE2Fe14B hard and α-Fe
soft phases. Figure 1b presents X-ray patterns for rib-
bons produced at lower argon pressure. The X-ray pat-
tern for the ribbon obtained at the largest linear velocity
(45 m/s) does not exhibit the visible peaks originating
from the crystalline phases. This allows to conclude that
the ribbon is amorphous. At the lower linear velocity
(i.e. 35 m/s) the ribbon obtained has a broad amorphous
halo with visible peak for 2θ = 44.92◦ which corresponds
to the α-Fe phase. Di�raction peaks corresponding to the
magnetically soft α-Fe and magnetically hard RE2Fe14B
phases for ribbon obtained at the velocity of 20 m/s in-
dicate the crystallization of the ribbon.

Fig. 1. X-ray di�raction pattern of
(Nd0.75Pr0.25)10Fe82Zr2B6 ribbons in as-cast state
produced at the pressure (a) p = 0.6 × 105 Pa and
(b) p = 0.8× 105 Pa.

Average grain size estimated using Scherrer's method
for the sample produced at the pressure of 0.8 × 105 Pa
and velocity of 20 m/s are 9 nm for α-Fe and 15 nm for
RE2Fe14B, respectively.
Figure 2a shows the magnetic hysteresis loops for rib-

bons produced at the pressure of 0.6×105 Pa. Demagne-
tization curve for the ribbon manufactured at the veloc-
ity of 20 m/s is characteristic for the material consisting
of magnetically soft and hard phases which demagnetize
independently.
The hysteresis loops for the ribbons produced at the

velocities of 35 m/s and 45 m/s are characteristic for the
partially crystallized materials containing the �frozen�
nuclei of the future crystalline phases. In Fig. 2b the
hysteresis loop is shown for the ribbon produced at the
pressure of 0.8 × 105 Pa. For ribbon obtained at the
wheel velocity of 20 m/s the hysteresis loop is smooth and
shows the single-phase behaviour. The ratio Jr/Js = 0.7
indicates the existence of strong exchange interactions
between magnetically hard and soft phases. The initial
magnetization curve for this sample is typical for materi-
als for which the main magnetization reversal mechanism
is a pinning of domain walls. The hysteresis loops for the
sample produced at the velocity of 35 m/s is character-
istic for partially crystallized materials. At the largest
linear velocity i.e. 45 m/s the amorphous ribbon was
produced.
The basic magnetic parameters determined from the

hysteresis loops are summarized in Table.The sample pro-

TABLE

Coercivity JHc, remanence polarization Jr, saturation
polarization Js, maximum energy product (BH)max and
the remanence-to-saturation ratio Jr/Js depending on
the pressure p and linear wheel velocity v.

p

[105 Pa]

v

[m/s]
JHc[T]

Jr

[T]

Js

[T]

(BH)max

[kJ/m3]
Jr/Js

0.8

20 0.88 0.92 1.17 136 0.79

35 0.01 0.25 1.25 � �

45 amorphous

0.6

20 0.62 1.15 1.60 52 0.72

35 0.03 0.54 1.28 � �

45 � � 1.41 � �

duced at the pressure of 0.8× 105 Pa and the velocity of
20 m/s exhibits the largest BH product.

4. Conclusions

In present paper the in�uence of preparing conditions
on phase constitution and magnetic properties was in-
vestigated. The samples obtained under lower pressure
of Ar atmosphere were characterized by higher ability to
formation of nanocrystalline structure based on coexis-
tence of soft magnetic α-Fe and hard magnetic RE2Fe14B
phases. In the case of higher pressure of Ar, amorphous
structure of samples was possible to obtain for the high-
est velocity of copper wheel during melt-spinning process.
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The best magnetic properties were measured for sample
obtained for higher pressure of Ar and the lowest velocity
of copper wheel. The shape of hysteresis loop collected
for this sample was typical for hard magnetic materials.
The remanence to saturation ratio Jr/Js = 0.7 certi�es

that the strong exchange interaction occurs between the
hard and soft magnetic grains. The main mechanism of
the magnetization reversal process is the pinning of do-
main walls.

Fig. 2. Hysteresis loops of (Nd0.75Pr0.25)10Fe82Zr2B6 ribbons produced at the pressure (a) p = 0.6 × 105 Pa and
(b) p = 0.8× 105 Pa.
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