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Beneficial effect of Gd substitution on magnetic properties of magnetically
anisotropic SmCo 5 ribbons
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Magnetically anisotropic S ,Gd,Co; (x=0, 0.2, 0.5 ribbons are produced by conventional melt
spinning. The coercivityH . increases from 5 kOe fax=0 to 11 kOe forx=0.5. Microstructure
analyses show that this abnormal change of the coercivity is ascribed to the decrease of the quantity
of the 2:7 phase, which serves as a center for a reverse domain. The remanence ratio also increases
from 0.80 forx=0 to 0.95 forx=0.5. An energy product of 16 MGOe at room temperature for the

Smy ¢G4,y ,Cos ribbons has been achieved without the need of a complex heat treatment. The
temperature characteristic of remanence is substantially improved due to the change of the
microstructure arising from Gd substitution. 2001 American Institute of Physics.
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Magnetic properties of permanent magnets, and espe- The alloys with nominal composition Sm,Gd,Cos
cially their remanence and energy product, are significantlyfx=0, 0.2, 0.5 were prepared by arc-melting. An excess of
enhanced when they are anisotropic, i.e., the crystallographit5 wt% Sm and 5% Gd was added to compensate for the
c axis of different grains of the materials are aligned. Aniso-evaporation. Small pieces of ingot were then inserted into a
tropic permanent magnetic materials with high energy prodquartz tube with a nozzle 0.8 mm in diameter. The chamber
uct can be obtained by the process such as powder metakas evacuated to a vacuum of FOPa and then filled with
lurgy techniqué;® directional solidificatior’, and  highly pure argon. The sample was induction melted and
solidification in a magnetic fielfl,but these processes are ejected through the nozzle using a pressure difference of 0.8
time and energy consuming. Recently the melt-spinningatm. The surface velocity of the Cu wheel was 5 ths
method is found to be a feasible way of preparing anisotropi¢®hase components were examined by x-ray diffraction
permanent magnefs® (XRD) with Cu radiation. Microstructural analysis was car-

High coercivity in anisotropic SmGoribbons was pre- ried out using a H-9000NA transmission electron microscope
viously attained only after a complex heat treatment which iSTEM). The ribbons were premagnetized in a field of 20
believed to optimize the microstructure of the ribb8d8. kOe. Magnetic properties were measured using a Supercon-
Our recent experimental results show that high coercivity induct Quantum Interference Device magnetometer with a
anisotropic SmCgribbons was obtained by the introduction maximum magnetic field of 50 kOe at room temperature and
of Gd instead of the complex heat treatment. It was foundh vibrating sample magnetometer with a maximum magnetic
that the coercivity of the SmGaibbons increases with in- field of 8 kOe at high temperature to 300 °C.
creasing Gd content. Normally the coercivity of (Sm)Gad; Figure 1 shows XRD patterns for as-spun;SpGd,Cos
alloys should decrease with the increase of Gd content bgx=0, 0.2, 0.5 alloys. Figures (a), 1(f), and 1d), taken
cause Gd substitution leads to a decrease of magnetocrystalased on the ribbons prepared \a&=5 m/s clearly show
line anisotropy field of the SmGaehase, which is verified in  stronger reflections with indice€00 and (110, and the
sintered Sm_,Gd,Cos (y=0-0.49 magnets? This abnor-  weaker intensity of111) and(002) in comparison with XRD
mal change of the coercivity in the anisotropic (Sm\Ga,  of the isotropic SmCg powder samplgseen in Figs. (b),
ribbons implies that Gd addition has a different effect oni(c), and Xd)]. This indicates that the structure of the rib-
ribbons microstructure with that of sintered magnets. In thishons is anisotropic. The axis of crystallites is supposed to
letter, the relationship between microstructure and magnetige mainly parallel to the longitudinal axis of the ribbon,
properties of melt-spun Sm,Gd,Cos (x=0, 0.5 ribbons  which is similar to the previous resuft®:}>wWhen compared
was discussed in detail. to the XRD characteristic peaks of power samples of
Sm; _,Gd,Cos ribbons[see Figs. (), 1(c), and 1d)], one
“Author to whom correspondence should be addressed:; electronic maiRdditional phase, namely of the 2:7 phase which is also ob-
ymjj@g203.iphy.ac.cn served in the mechanically alloyed SmCoand
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FIG. 1. XRD patterns of Sm ,Gd,Cos [(x=0)(a), 0.2f), 0.5¢)] ribbons / / ./
spun atv=5 m/s, the powder of Sm,Gd,Cos [x=0(b), 0.2c), 0.5d)] /' /' / 103
ribbons spun ab =5 m/s. /V o o
P
SmCa/a-Fe ! was detected in the ribbons. It is evident ¥ Ve / ' 0.0
that the relative intensity of diffraction peaks from the 2:7 -16 12 -8 -4 0
phase decreases with increasing Gd content. The addition of H(kOe)

(f;d was found to inhibit the formatlon of 2_:7 phase_s. Add_l- FIG. 3. Demagnetization curves for anisotropic ;Sgd,Cos (x=0, 0.2,
tionally, because of a very stronger diffraction peak intensityg g ribbons at 300 and 200 K spun @5 mis.
of the (200 indice of (Sm,GyICo; ribbons spun a¥=5 m/s,
diffraction peaks of 2:7 phase were hardly observed in XRD
patterns. Demagnetization curves for anisotropic SmGd,Cos
Figures Za) and Zb) show the TEM images revea"ng (XZO, 0.2, 05 ribbons at 300 and 200 K are shown in Flg
the microstructural features of the anisotropic Sm@ad 3. One may note that magnetic properties of the Sgn@s
SrrbSGdOSCOS ribbonS, respective|y_ These images evidenﬂybons at 300 and 200 K are greatly affected by the introduc-
demonstrate that the microstructure of ribbons dependton of Gd. Gd substitution leads to a good rectangularity of
strongly on the Gd concentration. SmCoompound con- demagnetization curves and a large coercivity. In the magne-
tains a number of the 2:7 phase grains ranging from 100 t&ization reversal process, the magnetic moments of the 2:7
300 nm in sizes as indicated by arrows, which could result ifPhase first reverse in an external field because it has a much
complex defective structure in vicinal areas. Besides, TEMower anisotropy field compared to that of the 1:5 phase, and
micrographs show that the 2:7 phase also forms a stripthen the magnetic moments of the 1:5 phase reverse. So the
structure as reported previousR*® On the other hand, Gd demagnetization curve of Smgand Sng ¢Gd, ;Cos ribbons
substitution could apparently improve the quality of the as-contains a shoulder corresponding to a two-step demagneti-
spun materials, and note the 2:7 phase has been Observedzmtion behavior which is similar to that observed in decou-
the Sm <Gd, Cos sample in the TEM investigations. These pled nanocomposite magnets. This behavior at 200 K is more
results are in good agreement with the data obtained frorgbvious than that at 300 K. Because the 2:7 phase is elimi-
XRD measurements. Systematical analyses suggest that G@ted by the introduction of Gd, the demagnetization curve

substitution restrains the formation of the 2:7 phase. of SmysGdy sCos ribbons at 200 or 300 K presents typical
behavior of a single phase. The remanence ratio increases

with the increase of Gd content. A high remanence ratio of
0.95 at 300 K has been achieved in the 381, sCo; rib-
bons. The moderate Gd substitution results in the increase of
the energy product at 200 or 300 K. The best energy product
at 200 and 300 K are 18 and 16.0 MGOe, respectively.

It was well known that, in order to search high tempera-
ture magnets, the important factor is to improve the rema-
nence at high temperature, which is sensitive to the compo-
sition of the magnets. The thermal stability of the remanence
can be manipulated by optimizing the composition of the
magnets. The temperature dependence of remanence for an-
isotropic Sm_,Gd,Co; (x=0, 0.5 ribbons is shown in Fig.

4. It can be seen that Smgoibbons exhibit temperature
coefficient of remanence about0.09% per °C, and tem-
perature coefficient of remanence for §8d, Cos ribbons

FIG. 2. Comparison of TEM micrographs of anisotropic Sp6d.Co, IS @lmost+0.02% per °C among the same temperature range.
(x=0, 0.5 ribbons spun ab=5 m/s. Generally, the disordering of the rare earth sublattice leads to
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FIG. 4.
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Sm,_,Gd,Cos (x=0, 0.9 ribbons spun ab =5 m/s.

a decrease of magnetization of RCoompounds with in-

Zhang et al. 1845

spinning. The remanence ratio increases with the increase of
Gd concentration. A high remanence ratio of 0.95 has been
attained in SmpsGd, sCos ribbons. The best energy product
at 300 and 200 K are 16 and 18 MGOe, respectively. Other-
wise, it was found that temperature dependence of rema-
nence of anisotropic Smgoribbons is significantly im-
proved due to Gd substitution. To further optimize magnetic
properties of (Sm,Gos; ribbons, Sm or Gd should be
partly replaced by Pr or Nd, etc., which will increase the
saturation magnetization of the SmCphase. It is certain
that our studies are in favor of simplifying the preparation
process, and finally settle a bedrock on volume produce of
anisotropic SmComagnets.
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