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Structure and magnetic properties of RCo  ,_,Zr,(R=Pr or Er, x=0-0.8)
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Alloys of composition RCe_,Zr, (R=Pr or Er andk=0-0.8) were synthesized and characterized

in the temperature range of 10-1273 K in fields up to 5 T. As with the Sm{Zu, system studied
earlier in our laboratory, the effects of Zr doping on the stability of the Tijfhase and the increase

in the anisotropy fieldd 5 are also observed in the systems of PrC@r, and ErCe_,Zr, . Nearly
single phase TbhGumaterials were formed in as-cast alloys when0.1—0.2. In the case of RPr,

H, changes from almost planar for=0 to uniaxial with H,~100kOe forx=0.2 at room
temperaturdRT). In the case of REr, H, for thex=0.1 composition is almost two times larger
than that of the Zr-free alloys, which shows strong uniaxial anisotropy at both RT and 10 K. Spin
reorientation behaviofwhen R=Pr) and R-M antiparallel coupling(when R=Er) were also
observed. ©1999 American Institute of Physid$S0021-897699)44208-2

I. INTRODUCTION Ill. RESULTS AND DISCUSSION

Currently, there is a vigorous effort to find new magnets™ Structure and phases present in as-cast alloys

or to improve existing magnets particularly for high tempera-  Information concerning the structure and the phases
ture applications. A systematic study of the structure angyresent, obtained by XRD and TMA measurements, is
magnetic properties of SmGbased alloys has been carried shown in Figs. 1 and 2 and summarized in Table I. The XRD
out with this goal in mind by several groups’ Our previous patterns of the random and aligned powder samples show
work® on the SmCe_,Zr, system reported that partly replac- that the crystal structures of the as-cast alloys RGar,

ing Co dumbbells by Zr atoms plays an important role in
stabilizing the ThCustructure and significantly increases the
magnetocrystalline anisotropy. The earlier work has been ex- )

tended in the present study to include the ternaries (@ REA é, §8& (random) (aligned) o
RCo,_,Zr,, in which R=Pr or Er. Alloys with the compo- ~& 8@ 329 ¢ x=0

sition RCq_,Zr, (R=Pr or Er andx=0-0.8) were synthe- §F o=k Shs o x=0.1;
sized and characterized in the temperature range of 10—127%,, [(1-Ty#(2-17) g ~1x=02

K and at fields up to 5 T. The structure and magnetic prop- g
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Alloys were prepared by arc melting under argon atmo- . I i :
sphere. X-ray diffractiofXRD) with Cu radiation and ther- ®frem % (random) (dligned)  *=0
momagnetic analysis(TMA) with a thermogravimetric -7 a s 282 x=0 58 8la
analysis uni{TGA) were used to determine the crystal struc- gc g8 §3'n g % VA?T
ture, phases present, and their ordering temperatures. Mag . g o ' :' A =01
netic properties were measured in the temperature range ow’g (-7 g 2 %Asg § x=0.1 gl ¢
10-1273 K in fields upd 5 T using a vibrating sample 2 i W ’ I DI
magnetometefVSM) and a superconducting quantum inter- ~ (1-7) +¥27) . A x=0.2 x=0.2
ference device(SQUID) magnetometer. The measured (-T2 A A
samples were in the forms of chunks, loose powder, or * x=03 =03
aligned powdef=<38 um). The anisotropy field 5, was de- (I-H+4(2-D+6(1-3) =04 I
termined by measuring the easy and the hard axis magneti- £ I d§f=0’4
zation on powder aligned in a field of 1.6 T and immobilized o5 35 20 50 5030 4050
in epoxy. 20 20
FIG. 1. XRD of RCg_,Zr, as-cast alloys=0-0.4) in random and mag-

3E|ectronic mail: mh8f@andrew.cmu.edu netically aligned powdefa) R=Pr and(b) R=Er.
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(a) —— — ¥ T2 1 whenx=0.1. A nearly single phase material with the ThCu
m structure was formed for REr alloys whenx=0.1. As the
fPhase Zr content was further increased, some other R-rich phases,
ey ransfomation such as the 2-7 (GHi; or EnCo; types and the 1-3
ﬂ (PuNi; type) phases also were observed.
¥ Te3 The above mentioned magnetic phases were also identi-
M fied by the TMA measurement$ig. 2 and Table)l The

p— . four Curie temperaturesl¢y, Teo, Tez, andT,) correspond

(b) y T2 to four magnetic phases, i.e., the 2-17, 1-7, 2-7, and 1-3
(x=0) R =FEr ¢Tc1 phases, respectively. Notice that as was observed in the
SmCaq._,Zr, systenfin an earlier study, a phase transforma-

M (arb. units)

£}
E Te2 tion from the disordered 1-7 phase to the ordered 2—17 and
25 (x=0.1) v 1-5 phases also occurs above 750—800 °C in Pr or Er alloys.
Te2 This was confirmed by XRD measurement in our lab.
(x=02) §__ m
200 400 500 200 1000 B. Magnetic properties of as-cast alloys

T The magnetic propertidd, H,, T, andTg are given in

FIG. 2. M vs T of RCo;,_,Zr, as-cast alloysH ~20 Oe), (a) R=Pr and(b) Figs. 2—4 and Table I. Thel—H curves of the aligned pow-
R=Er. der samples with compositions of RCqZr, (R=Pr or Er,
x=0-0.2) show that the anisotropy figitl, at both 300 and
10 K can be significantly increased by a small amount of Zr
varies significantly with the Zr content. For=FPr, typical  substitution. The types of the,, i.e., the preferred direc-
superlattice reflections for the Jin;,; structure(i.e., 015 tions of the magnetizatio(DOM) vector, were identified by
and 204 disappear whex=0.2 [Fig. 1(a)]. This indicates XRD measurement in the aligned powder samkg. 1).
that the structure of the main phase changes from rhombd@As listed in Table I, for R=Pr, the anisotropy type changes
hedral (ThZn;; type) (x=0) to hexagonal (TbGutype)  from basic planaEBP) for x=0 to uniaxial(EA) with Hp
(x=0.2). This is also evident in the XRD of aligned ~94kOe forx=0.2 at 300 K and from planar for=0 to
samples, where only two strong reflectiofislO and 20p  conical (EC) for x=0.1 at 10 K. For R=Er, asx increases
belonging to the 1-7 phase, remain f320.2. Nearly single from 0 to 0.1,H,(EA) increases from 50 to 95 kOe at 300 K
phase materials with the Th&atructure were formed for Pr and from 80 to 168 kOe at 10 K. The strong uniaxial anisot-
alloys withx=0.2-0.3. ropy was developed by a small amount of Zr substitution for
In the case of REr, the structure of the main phase Co in these two RCpsystems. Zr plays the same important
changes from an ordered hexagonal {Nih; type) (x=0) to  role as in the SmGa ,Zr, system. It replaces the Co dumb-
a disordered hexagonal (Tbguype) when x=0.1. As bells and restores the anisotropy of the Ca &e9 sublat-
shown in Fig. 1b), for the randomly oriented samples, a tice, which were reduced when Co was replaced by R atoms
typical superlattice reflectio(?03) for the ThNi,; structure  (i.e., as the T§Zn;; or ThNi,-type structures were formed
disappears wher=0.1. For the aligned samples, two pairs from the CaCytype structurg As noted by Buschowand
of strong reflections at=0 that belong to the 2—17 and 1-7 Wallace® both PsCo;,(Th,Zn,; type) and EsCo;7(Th,Ni;;
phases, became a single pair, belonging to the 1-7 phasgpe) show small anisotropy at room temperatuRT)—

TABLE |. Magnetic properties of RGa ,Zr, as-cast alloys (RPr or Er,x=0-0.8).

T. (°C) M (emu/g H, (kOe)-DoM

R X Ta Te Tes Tea 300 K 10K 300 K 10 K

Pr 0 897 692 126.1 139.5 EB EB
0.1 877 689 116.9 127.6 EB-EA EC
0.2 a 683 111.0 119.7 94 EC
0.3 a 670 368 ax 99.0 109.6 97 EC
0.4 e 660 350 e 90.9 100.3 100 EC
0.8 312 49.2 67.4 100 EC

Er 0 893 863 e aE 77.3 15.1 50 85
0.1 849 68.7 18.4 95 168
0.2 a 835 417 ax 66.9 25.6 92 150
0.3 a 830 416 aE 61.0 27.4 73 130
0.4 a 830 414 207 56.1 33.1 78 140
0.8 206 48.2 38.7 83 200

®Related to2—17 phase, which was formed after heating up to 750—800 °C due to a phase transformation from
1-7 to 2-17 and 1-5.
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magnets for high temperature applications, since the frCo
and ErCo-type alloys also show highéeF. than their 1-5
alloy counterparts.

As the Zr content further increases, in the Pr alloys, the
H, increases at 300 K and the estimated angles of the easy
direction fromc axis decrease from48° forx~0.1 to~31°

M (arb.units)

I M, | for x=0.8 at 10 K. In the Er alloys, with the increases of Zr
% M, M, v contentx, the H, first decreases slightly whex=<0.3, and
£ - : then increases again at 10 K. The above behavior can be
5 / ; (x=02,T=10K) ] attributed to the formation of the 2—7 and 1-3 phases when
(x=02,T=300K) the Zr content is highetd, at 10 K increases up te-200

kOe for the Er alloy ofx=0.8, where the 1-3 phase is pre-
, dominant in the alloy.
M, sl (x=0,T=10K) | As shown in Fig. 4, in the Pr alloys spin reorientation
M behavior from EC to EA has been observed during heating
M, 1% 3 from 10 to 300 K. This behavior is similar to that observed in
x=0,T=300K) || 4 PrCq alloy (T,~105K).” The spin reorientation tempera-
o , ' : - : ' ture T, for the PrCq gZrg , alloy is apparent around 135 K

[P I ] and shifts slightly to lower temperature as the Zr content
m . (x=0.1,T=10K) | decreases. This can be ascribed to the effects of Zr doping on
0 r M ) the Pr sublattice anisotropy at low temperature.

M, ] In the Er alloys, the partial moment cancellation result-
ing from the antiparallel coupling between thdlavy rare-

—~
(=2
=

M (arb.units)

M (arb.units)

0o 10 20 30 40 500 10 20 30 40 50

H (kOe) H (kOe) earth element Brand 3 sublattice leads to the observed
compensation points in the range of 120-135 K when
FIG. 3. M vsH (at 300 and 10 Kof RCo;_,Zr, as-cast alloysa) R=Prand ~ =(0.2—0.4. This is ascribed to the formation of the 2—7

(b) R=Er. phase. Buscholvhas also reported a similar compensation

temperature for BCo;, 140 K. As shown in Table I, with an
increase inx, a decrease itM and T, for both Pr and Er
alloys is observed due to an increase in the amount of the
nonmagnetic element Zr.

planar for R=Pr and weak uniaxial anisotropy for=rer. The investigation into the effects of the Zr doping on the
However, in the present study, the Rdloys (R=ProrE)  gapility of the ThCy phase and increase fh, in the RCg

with a small amount of Zr doping exhibit a strong anisotropy gy stem is being continued with other rare-earth elements. We
at RT. This is potentially beneficial for the fabrication of new 56 estimated the moment for Qd,, in the RCo_,Zr,

compounds from the experimental moment of the
YCo;_,Zr, (x=0-0.1).M, decreases slightly from 1.60 to
—_— —_— . i . 1.53ug as x increases from 0 to 0.1. The Co moment is

(@)R =Pr x=0 (b) R =Er nearly the same as that in YEand Y,Co,7(1.6ug).
P e, 1 ACKNOWLEDGMENTS
X | - 2 " This work was supported by the Air Force Office of
§ 1 | *= e Scientific Research, Air Force Material Command, and
§ |x02 e [ f ok T USAF under Grant No. F49620-96-1-0454.
s 0 % s 1l x=03 T
04 ~135K o, comp : 1H. Saito, M. Takahashi, T. Wakiyama, G. Kodoand, and H. Nakagawa, J.
- o E S B35k Magn. Magn. Mater82, 322(1989.
\%%%%n% ; ™ 2K. H. Buschow and F. J. A. den Broeder, J. Less-Common Ble191
i ) 1 - (1973.
H = 1 k(?e (H'eatmlg) ) H=1 kOe (Heating) 3J. Yang, O. Mao, and Z. Altounian, IEEE Trans. Mag8, 2702(1987).
0 100 200 300 0 100 200 300 “M. Q. Huang, W. E. Wallace, M. McHenry, Q. Chen, and B. M. 83,
T (K) T(K) 6718(1998.

SW. A. J. J. Velge and K. H. J. Buschow, J. Appl. Ph$8, 1717(1968.
FIG. 4. M(T)(10-300 K) curves a ~1000 Oe(chunk samplg (a) Spin 6K. S. V. L. Narasimhan and W. E. Wallace, AIP Conf. Prdg, 12
reorientation T) of PrCo,_,Zr, as cast alloys(b) Moment compensation (1973.

(Tcomp Of ErCo;_,Zr, as-cast alloys. 7K. H. J. Buschow, Rep. Prog. Phy0, 1179(1977.

Downloaded 23 Jan 2001 to 128.2.132.154. Redistribution subject to AIP copyright, see http://ojps.aip.org/japo/japcpyrts.html.



