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Abstract

As-spun ribbons of YxPr1�xCo5 alloys with x ¼ 0.25, 0.50, and 0.75, were produced by single-roller melt spinning at wheel speeds of 5,

15, and 40ms�1. X-ray diffraction patterns and SEM micrographs show that samples are essentially single phase with the hexagonal

CaCu5-type crystal structure and dendritic microstructure. Hysteresis loops were measured in the plane of ribbons applying the magnetic

field along and perpendicular to ribbon plane. Samples exhibit in-plane reduced remanence above 0.5, with a noticeable value of 0.86 for

the alloy Y0.5Pr0.5Co5 quenched at v ¼ 15ms�1. XRD patterns obtained for the surface of ribbons confirmed that the high remanence

measured results from the preferential orientation of 1:5 grains with their c-axis parallel to the ribbon plane. This in-plane

crystallographic texture is attributed to the directional solidification induced by thermal gradient during rapid quenching. Coercivity rises

with the increase of both, Pr content and wheel speed with values in the range 1.0–5.2 kOe.

r 2007 Elsevier B.V. All rights reserved.
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1. Introduction

YCo5 and PrCo5 compounds combine saturation induc-
tion and Curie points similar to those of SmCo5 with a
large uniaxial anisotropy field to produce high intrinsic
coercivity, iHC, being excellent candidates for the develop-
ment of permanent magnets with a high maximum energy
product (BH)max [1,2]. However, magnets based on these
compounds have not been commercialized due to the
technical difficulties found to develop high enough and
well-reproducible coercivity values in powdered or sintered
alloys [3,4]. A microstructural refinement by rapid quench-
ing has been attempted to overcome this problem. In as-
spun alloys obtained by single-roller melt spinning at a
high wheel speed, the 1:5 phase forms from the melt but
owing to the fast grain grow kinetic micrometric grains
with relatively low coercivities are obtained [5–7]. How-
- see front matter r 2007 Elsevier B.V. All rights reserved.
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ever, in rapidly quenched ribbons of YCo5 obtained at a
medium wheel surface speed, v, of 25ms�1, a significant
crystallographic texture, with a preference for the c-axis of
1:5 crystallites along the plane of ribbons, was reported [7];
a similar behavior was previously observed for the
isostructural CaCu5-type hexagonal compounds SmCo5
[8], (Sm,Gd)Co5 [9], and Sm(Co,Cu)5 [10] quenched at low
wheel speed (v ¼ 5–6ms�1). Since texture is a key
precondition to achieve high (BH)max we investigated on
the phase constitution, microstructure, and in-plane room-
temperature magnetic properties of ternary as-spun
YxPr1�xCo5 alloys with the intermediate compositions
x ¼ 0.25, 0.50, and 0.75, processed at wheel speeds of 5, 15,
and 40ms�1. The most significant results are presented in
this report.

2. Experimental

Ingots of 3 gm with nominal composition YxPr1�xCo5
and x ¼ 0.25, 0.50, and 0.75, were produced by arc melting
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Fig. 1. X-ray diffraction pattern for Y0.5Pr0.5Co5 alloys: (a) arc-melted

powdered master alloy and (b) as-spun ribbons obtained at v ¼ 15ms�1;

the non-contact surface of ribbons was exposed to XRD radiation.

Fig. 2. SEM micrographs at different magnifications of the non-contact

ribbon surface for as-spun Y0.5Pr0.5Co5 samples.
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under an Ar highly pure atmosphere. A home-made melt
spinner with a copper wheel of 20 cm in diameter was
employed to obtain melt spun ribbons in a helium
environment. Master alloys were inserted into quartz tubes
with an inner diameter of 1.8 cm and circular nozzle of
�0.8mm. Molten alloys were ejected applying a controlled
helium overpressure on the surface of the wheel rotating at
linear speeds of 5, 15, and 40ms�1, respectively. Hereafter,
the free surface of ribbons will be referred as ‘non-contact
surface’.

X-ray diffraction (XRD) patterns were obtained in a
high-resolution Seifert model 3000 TT diffractometer with
Cu-Ka radiation. Fragments of ribbons, of approximately
0.25–0.5 cm in length and a thickness of 10–30 mm
(dependent on wheel speed), were placed one parallel to
each other to cover as possible the sample holder area.
Scanning electron micrographs were taken for both,
contact and non-contact surface side of ribbons using a
JEOL model JSM-6100 scanning electron microscope.
Hysteresis loops were recorded at room temperature in a
vibrating sample magnetometer LDJ model 9600 with a
maximum saturation field of Hmax ¼ 16 kOe.

3. Results and discussion

XRD patterns of powdered arc-melted YxPr1�xCo5
buttons indicated that starting master alloys were in effect
single phase with the hexagonal CaCu5-type crystal
structure in the whole composition range. The relative
intensity of the peaks is in agreement with that reported for
randomly oriented 1:5 crystalline grains [10]. A represen-
tative indexed pattern is plotted in Fig. 1(a). It is compared
with that of as-spun ribbons having the same nominal
composition where the non-contact surface of ribbon was
exposed to XRD radiation (Fig. 1(b)).

The main diffraction peaks belong to the 1:5 structure
but a notable change in the relative intensity of some main
lines is observed. In fact, the relative intensity of (2 0 0) and
(1 1 0) reflections is considerably stronger than that of the
isotropic sample, while that of (1 0 1) and (1 1 1) is much
weaker, indicating that c-axes of crystallites preferentially
align along ribbon plane. A Rietveld refinement of both
patterns based on the hexagonal CaCu5-type structure led
to the following lattice parameters: (a) arc-melted alloy:
a ¼ 4.980 Å and c ¼ 3.983 Å; as-spun ribbons: a ¼

4.97215 Å and c ¼ 3.53223 Å. Also note the presence of
two minor broad XRD peaks at 2yffi29.571 and 44.051
that were identified as (Y,Pr)2O3 indicating a certain
surface oxidation. A similar texture effect was observed
for all the samples obtained. The effect was not very
dependent of which surface of the ribbons is exposed to
XRD radiation.

Fig. 2 shows SEM pictures of the non-contact surface of
ribbons with x ¼ 0.5 quenched at v ¼ 15ms�1. All the
alloys studied show a similar microstructure that consisted
of micronic dendrites, of about 1–9 mm in length, with the
long axis parallel to ribbon plane. In agreement with XRD
data are suggested that the c-axis of 1:5 grains and the
dendritic growing direction is coincident; a similar micro-
structure was obtained for YCo5 [7]. For the surface in
contact with the wheel a finer and less dendritic-like
microstructure was systematically observed in accordance
with the higher solidification rate.
Representative hysteresis loops, recorded with the

magnetic field applied parallel and perpendicular to ribbon
plane, are plotted in Fig. 3. Their differences in saturation
magnetization and coercivity are in agreement with the in-
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Fig. 3. Hysteresis loops for as-spun Y0.5Pr0.5Co5 ribbon quenched at

v ¼ 15ms�1, applying the magnetic field parallel and perpendicular to

ribbon plane.

Fig. 4. Magnetic properties measured along ribbon length for as-spun

YxPr1�xCo5 alloys: (a) reduced remanence sr/ss and (b) saturation

magnetization and coercivity (closed and open symbols, respectively).
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plane crystallographic texture effect revealed by XRD
where the c-axis of the 1:5 phase is aligned along ribbon
plane. The dependence of magnetic properties on Yttrium
content and quenching rate measured along ribbon plane is
reported in Fig. 4. Fig. 4(a) clearly shows that, except for
the alloy Y0.25Pr0.75Co5 quenched at v ¼ 5ms�1, the
reduced remanence, sr/ss, is systematically over the
predicted value of 0.5 for randomly oriented single-domain
grains with uniaxial anisotropy in the remnant state [2].
The highest values were achieved for alloys quenched at
v ¼ 15ms�1 with a maximum of 0.86 for x ¼ 0.5. Specific
saturation magnetization, ss, and intrinsic coercitive fields,

iHC, are in agreement with those previously reported for
RCo5 (R ¼ Y, Pr) ribbons [5–7]. The coercivity increases
with the increasing in both Pr content and wheel speed. The
highest iHC value, 5.2 kOe, was obtained for x ¼ 0.25 and
v ¼ 40ms�1.

4. Conclusions

Rapidly solidified ribbons with nominal composition
YxPr1�xCo5 (x ¼ 0.25, 0.50, and 0.75), obtained at wheel
speeds of 5, 15, and 40ms�1 were characterized by X-ray
diffraction, scanning electron microscopy, and magnetic
measurements. Ribbons, that are nearly single phase
with the CaCu5-type crystal structure, crystallize in a
dendritic microstructure exhibiting a remarkable crystal-
lographic and magnetic texture along the ribbon plane.
However, in agreement with previous works, the insuffi-
cient coercivity attained is still the main limitation for
the fabrication of permanent magnets based on these
alloys. Further studies are in course in order to understand
better the role of the different synthesis conditions on
texture and coercivity to optimize these relevant technical
properties.
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