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Anisotropy and FOMP iIn

(Sm.Pri_;)3Fe7 5Tiy 5(x = 0-1) and
Pr3(Fe —,Coy)27.5Ti1 5(y = 0-0.4) Compounds

G. Markandeyulu, V. R. Shah, K. V. S. Rama Rao, M. Q. Huang, K. Sirisha, M. E. McHenry, and V. R. V. Ramanan

Abstract—Alloys of composition (Sm,Pr; _;)sFexr sTi1s(z = systems with two different R atomic species or two different
0-1) and Pr3(Fe; _,C0y)27.5Ti1 s (y = 0-0.4) were synthesized 3d atoms. Alloys of composition (SfRr,_,.)sFey; s Tii s(z =
and characterized in the temperature range of 10-1273 K in fields 0-1) and Pg(Fe, »C0,)275Ti1s(y = 0-0.4) were synthe-

—Z s ] N - .

up to 5 T. The magnetization curves along the hard direction _. - )
cIF:early indicate thegpresence of a Type ”gFOMP (first order ;lzgd and characterized in the temperature range of 10-1073 K
magnetization processes) below 200 K. The critical fielddZ., in fields up to 5 T. The effects of the R sublattice (Sm and Pr)

at which FOMP is observed, have been determined from the and the 3d sublattice (Fe and Co) on the anisotropy and FOMP
occurrence of a maximum indM/dH as a function of H. For  gre reported.

(Sm,Pry _,)3Fexr sTiy s compounds,H,., is the largest (4.4 T at

5-10K) fortheax = 0 composition, and the lowest (1.4 T at 5-10 K)

for the # = 0.5 composition. For the Prs(Fey_,C0y)a7.5Ti1.s [l. EXPERIMENTAL DETAIL

compounds, theH,, are about 3.6 T at 5-10 K fory = 0 and L e o
0.1 whereas,H.., is seen to decrease monotonically for higher Co Alloys of composition (SmPrn_z)sFeyr.sTivs(x = 0-1)

contents. The FOMP exhibits a strong monotonically decreasing @Nd PE('_:elfyCOy)W-éTil-é(y = 0-0.4) were prepared by
temperature dependence for both systems. The effects of the Rarc melting under argon atmosphere and then annealed at
sublattice (Sm and Pr) and the 3d sublattice (Fe and Co) on the 1000-1200 K. Powder X-ray diffraction (XRD) with Fe,K

anisotropy and FOMP are reported. radiation and thermomagnetic analysis (TMA) were used to
Index Terms—Alloys, anisotropy, FOMP, Sm—Pr—Fe—Co-Ti. determine the crystal structure, the phases present, the unit cell
parameters, and their Curie temperatures. Magnetic properties
were measured in the temperature range between 5 K and
300 K in fields up to 5T using a superconducting quantum
HE Rs(Fe, Mg (3 : 29) compounds, which have beeninterference device (SQUID) magnetometer. The magnetically
reported as potential candidates for high temperature periented powder samples were prepared by mixing fine powders
manent magnet applications, crystallize in monoclinic structufe 20 ;.m) with epoxy and aligning in a field of 2.5 T. Magne-
with A2/m space group. This structure is formed by alternativézation measurements have been carried out on the oriented
stackingl : 12 and2 : 17 type segments. There are two cryspowers, along and perpendicular to the alignment direction.
tallographically inequivalent sites for the rare earth occupanthe FOMP can be only observed in magnetization curves
viz., 2a and 4i sites [1]. The 2a site has a lotall2 like envi- taken with the field oriented along the hard (perpendicular)
ronment and the 4i site has2a: 17 like environment [2]. The direction. The critical fieldsH..,., at which FOMP is observed,
two R sites have opposite signs df, (namely,A>y < 0 for have been determined from the maximum in th&//dH
the 4i site anddz, > 0 for the 2a site). Thus, the competitionversusH curves. The anisotropy fieldd4) was estimated by
of the two R sublattices may result in an unusual magnetizatiertrapolation of the difference between the easy afisand
behavior. In fact, the type Il first-order magnetization processaard axisi/ to zero.
(FOMP) have been observed in the compounds of(Em Tikhg

[3], Nds(Fe, Tikg [4] and Pg(Fe, Tikg [5], [6]. In the present lIl. RESULTS AND DISCUSSIONS

work, these studied have been extended to quarternary-alloy i
A. (Sn}Prl_m)gFegfsTll.;)(.T = 0—1)
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Fig.1. XRDof (Sm.Pri_,)sFe~ 5sTi1 5(x=0-1) in aligned (perpendicular)
powder sample.
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Fig. 3. dM/dH versusH for (Sm,Pr_,)sFe&r sTi1.s(x = 0-1). (Taken
from M versusH along the hard direction.)
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ac-plane, which is similar to that observed in &7 5Ti1 5 ~ Smecontent X in (Sm,Pr_);Fe,; sTi, 5
[3]. This also indicates that the alloy with = 0.5 shows the A
weakest anisotropy. Fig. 4. H., and H4 versusz of (Sm,Pri_,)sFey; sTiis(x = 0-1).
Magnetization curves for the (SR _.)3Fexr5Tiy5(z = (@) He, versuse, (b) H 4 versuse.

0-1) compounds, with the field aligned along the easy and the
hard directions, respectively, are shown at various temperatuaes monotonically decreasing and the FOMP becomes less pro-
in Fig. 2. A discontinuity of the magnetization curve along thaounced with increasing temperature. The FOMP nearly disap-
hard magnetization has been observed at below 150-200 K fpears at about 150—200 K. The anisotropy fidiisalso show a
all compounds. This phenomenon is the signature of a FOMi&ong composition and temperature dependence, which is sim-
which is an irreversible rotation of the magnetization vedtyr ilar to that of theH...., As seen in Fig. 4(b), the = 0.5 sample
under the action of an applied magnetic field, which results aiso shows the lowedt 4 value. This result is consistent with
a discontinuity of the magnetization curve along the hard matire XRD measurements on the aligned samples (Fig. 1).
netization direction [7]. Since thé/, jump does not achieve As mentioned above, the above unusual magnetization be-
saturation, it is classified as a Type Il FOMP. The critical fieldpavior may be attributed to the competition of the two R sub-
H.,., at which the FOMP is observed, can be determined frolaittices with opposite signs of Ay, and also the competition
maximum in thedM /dH versusH curves. These have beerof two different R atoms occupying two different R sites, 2a
plotted in Fig. 3. and 4i. The lowetH,.,. or H4 atz = 0.5 may be attributed to a
The FOMP shows a strong composition and temperature d¢rong cancellation between the different types of anisotropies
pendence as shown in Fig. 4(a). THg. is the largest{4.4 Tat contributed by the two R sublattices. Our earlier unpublished
5-10 K) for thex = 0 (Sm) and the lowest{1.47 at 5-10 K) works, the magnetization, Mossbauer and ac susceptibility mea-
for thex = 0.5 (Smy 5Pry.5) sample. Forr = 0.2 and 0.8, surements [8], indicated that the Sm atoms may prefer to oc-
H.. at5-10 Kare~2.1 T and~3.6 T, respectively. Far = 0 cupy the 2a sites and the Pr atoms may prefer to occupy the 4i
(Pr) sample, theH,.,. is ~3.6 T. TheH,, for all compounds sites. We believed that the above magnetization behavior can
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Fig. 5 M versus H of (Pr(Fei—,Co0,)27.5Ti1.5(y=0-0.4). Temperature (K)
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Fig. 7. H.. and H, versus T of Py(Fe,_,C0,)27 5 Ti1s(y = 0-0.4).
(a) H.. versus T, (b)H 4 versus T.

the b-axis fory(Co) = 0.1, and nearly along th&-axis for the

y = 0, 0.2, and 0.3 compositions. The anisotropy behavior of
the 3d(Fe) sublattice has also been changed by Co substitution
for Fe in the Pg(Fe,_,Coy)27 5 Ti1 5(y = 0-0.4). H,, shows a
strong composition and temperature dependence, which is sim-
ilar to that of theH 4. As shown Figs. 5 and 6, the FOMP be-
comes less pronounced with increasing temperature and disap-
pears at above 150 K. The valuegHf,. andH 4 decreases with
increasing temperature.

dM/dH

dM/dH

IV. CONCLUSION

@
o,
G
cl
o3%8

0 50

(y=9-1)

10

(y=04)

‘ The type Il FOMP have been observed in
40 50 O 10

the (Sm.Pri_,)sFer 5Tiis(x = 0-1) and the

Prs(Fei_yCoy)275Tiis(y = 0-0.4) compounds below

Fig. 6. dM/dH versusH of Prs(Fe,_,Co,)z7.5Tir.s(y = 0-0.4). (Taken 200 K. Both the FOMP and anisotropy fields exhibit a

from A1 versusH along the hard direction.) strong temperature and composition dependence for these
two systems. A theoretical analysis regarding the above

be also related to the R atom sites occupation preference cfinposition and temperature dependence of the FOMP and

order to understand the above complex magnetic behaviorapisotropy field is in progress.

first-principles theoretical model calculation, incorporating ex-
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