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The phase stability and magnetic properties of the half-metal-typ€iCgFe Al alloy system were
investigated. It was found that the occurrence of two-phase separation is unavoidable in a
concentration range of less thar 0.4, leading to deviation of the saturation magnetic moments
from the generalized Slater—Pauling line. Th2-type phase becomes stable in a concentration
range of more tharx=0.7, where no half-metallic behaviors are present. Consequently, it is
concluded that the most favorable concentration for applications to spintronic devices is located
aroundx=0.4 in CoCr,_,FeAl alloys having theB2-type phase. €004 American Institute of
Physics [DOI: 10.1063/1.1821694

Half-metallic ferromagnetgHMFs) have been investi- Several kinds of the specimens were prepared by arc-
gated intensively in the field of spintronics in order to realizemelting or in an induction furnace under an argon gas atmo-
spin-dependent devices with high performance. HMFs havsphere. After alloying, each ingot was annealed at 1373 K for
ing a completg=100%) spin-polarization were first pointed 72 h and quenched in ice water. Additional annealings at
out by de Grooet al. from the band calculations for the LI various temperatures were done for some specimens. The
(half-Heusle)-type alloys of NiMnSb and PtMnSbSubse- compositions of the specimens were determined with an
quently, manyL2; (full-Heuslen-type HMFs have been in- €lectron probe microanalyzer. Identifications of their struc-

vestigated extensively from both theoretical and experimenture and the phase were achieved by electron diffraction and
tal viewpoints®~’ transmission electron microscopitEM) observations. The

From theoretical calculatiorf52? it has been reported Phase transformation temperature was determined by differ-
that L2, and B2-type CqCr,,FeAl alloys exhibit half- €ntial scanning calorimet.rg,DSC) measurements. Magnetic
metal-type band structures in the lower concentration rangg€asurements were carried out with a superconducting quan-
of x. Inomataet al. have demonstrated that the magnetictum interference devices magnetometer and a vibrating
tunneling junctions using2-type CoCr,_FeAl alloys with ~ S@mple magnetometer. The value of magnetization was cali-
x=0.4 exhibit a large value of tunneling magnetoresistanc®rated by using a pure Ni metal. , ,
of 19% at room temperatufé* Compared with the ex- Figures 1a)-1(c) show the selected area diffraction pat-
pected valué?*? however, this value is significantly low. terns with the specimen tilted to t§i©11] matrix zone axis
Furthermore, the saturation magnetic moment at 4.2 K foand TEM dark-field images taken from th&00)g,, (200), 2,
Co,CrAl alloy has been reported to be 1.55/f.u.,*> which  or (111, , reflections for CeCr,_,FgAl alloys with x=0.0,
is about half the value obtained from the generalized Slaterg.5, and 1.0. The alloys witlk=0.0 (a) and 0.5(b) were
Pauling line ofM,=Z,—24>® Here,M, andZ, represent the prepared by annealing at 773 K for 72 h and the alloy with
total spin magnetic moment per unit cell and the total numx=1.0(c) was obtained by annealing at 873 K for 168 h. The
ber of valence electrons, respectively. Theoretically, the resingle- and double-headed arrows for the dark-filed images
ductions of the spin polarization and the saturation magnetiin (b) indicate the same area of th@-type phase. Note that
moment mentioned above for the {OrAl alloy were asso- a blank panel in Fig. 1 is unnecessary because(1i4)
ciated with the disordering between the Co and Cr <fté§.  plane is absent in thB2 phase. From the electron diffraction
However, it has become clear that the disordering betweepatterns, two-phase separation is confirmed in Fig®. dnd
the Co and Cr sites is unlikely to occur energeticdllyt  1(b) for the TEM observations, although the crystal structure
Experimentally, no investigations on the phase stability ofof (a) is identified as thé2-type and that ofb) and(c) as
Co,Cr,_FeAl alloy system have been conducted. Accord-the L2;-type. In the TEM dark-field image faw), the dark
ingly, it is still unclear what does affect the half-metallic and white regions correspond to tA2- andB2-type phases,
properties of the C&r,_[FeAl alloys. Therefore, in the respectively. For the TEM dark-field images (@), the two-
present study, we carried out the metallurgical observationghase separation of th&2- and L2;-type phases is con-
in order to discuss the phase stability. Furthermore, the madirmed. It is suggested by our thermodynamical calculations
netic properties which reflected the phase stability were meghat the metastable equilibrium compositions of B and
sured for both thé32 anszl_type Cch]_—xFQ(AI a||oys_ the A2 phaSES shift to CoAl-rich and CoCr-rich phases,

respectively.’ In the TEM dark-field image fotc), the an-
- _ _ tiphase boundary of the2; phase without any precipitates
Als_o at: Core Research for Evolutional Science and Technology, Japaean be observed.
Science and Technology Agency.

bauthor to whom correspondence should be addressed: electronic mail: A m_etaStable phase .diagram of thez_CQ_—xFQ(Al alloy
kosei@material.tohoku.ac.jp system is presented in Fig. 2. The solid line gives the bound-
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FIG. 3. Concentration dependence of the saturation magnetic moivgnts
for Co,Cry_,FeAl alloys. The closed circles and triangles stand Kby for

the B2+A2 and theB2 phases, respectively. The open squares représent
of the L2; phase. The solid line gives the generalized Slater—Pauling line
(Refs. 5,15.

alloy with x=0.5 is about 850 K, and that of the?; phase
G, 1. Selected diftracti ], o ) fited E00E alloys withx=0.8 and 1.0 is 1041 and 1170 K, respectively.

. 1. Selected area difiraction patterns o e specimen tite H . H H H
matrix zone axis and TEM dark-field images taken from the Therefore, Tc increases with increasing. However, it .
(100, (2005, Of (11D, reflection for CaCry_,FeAl alloys with x should be noted that these values would change, depending
=0.0, 0.5, and 1.0i8) x=0.0 annealed at 773 K for 72 f) x=0.5 annealed  ON the measuring conditions. For example, the phase separa-
at 773 K for 72 h,(c) x=1.0 annealed at 873 K for 168 h. Single- and tion and the degree of order are affected by the heating
double-headed arrows in the dark-filed images of theGtpfe, Al alloy rate.18
indicate the same area of the-type phase. The concentration dependence of the saturation magnetic
momentsMg measured at 4.2 K for G€r,_,FeAl alloys is

ary between the single-phase region and the two-phase rghown in Fig. 3. The closed triangles and squares stand for
gion. The dashed line depicts the transformation temperaturid's Of the B2 +A2 and theB2 phases, respectively. The open
between theL2;, phase and th82 phase. The temperatures Circles represent of theL2, phase and the solid line gives
represented by the closed circles and the diamonds were déle generalized Slater—Pauling line fd=2,—24. The for-
cided from the DSC measurements. Although Bephase ~Mula unit of theB2 phase is twice that of the2, phase. The
exists at higher temperatures in all concentration ranges, tHéeviation ofM from the solid line becomes significant in the
occurrence of two-phase separation is unavoidable in thwer concentration range of This is due to the two-phase
lower concentration range of In the alloy withx=0.4, the ~ Separation. The systematic theoretical calculations for
single phase oB2 phase is obtainable at room temperatureC%Cr«FeAl alloy system indicate that the atomic disor-
by quenching from 1173 K. On the other hand, in the alloydering between the Co an@r, Fg sites degrades the half-
with less thanx=0.4, two-phase separation inevitably takesmetallic properties, leading to the reduction of the spin po-
place regardless of the heat treatment conditions. After oparization and the magnetic momefit.” The possibility of
taining aB2-type single phase more thar 0.7, thel.2;-type degradation of the half-metallic pro_pertles_ of Lo, _,Fe Al _
single phase is obtainable after heat treatment. aII_oy system ha_s al;o beer_l theoretically discussed by consid-
From the thermomagnetization curves for a heating rat€ring the atomic disordering between tfr, Fg and Al

of 1.6 K/min, the Curie temperaturg. of the B2 phase Sites, but it has no marked effects on the half-metallic
properties®!! Furthermore, it has been reported that the

magnetic moment of thB2 phase for CgCrll_)éFe;(Al alloys
X B2 8 B2+A2 is almost the same as that of thg, phase:"**and thelL2,
° 1z, 0 L2442 and theB2 phases of C&£r,_Fe Al alloys with higher con-
centration ofx no Ionqer exhibit half-metallic properties in
their band structure$.2 In addition, the two-phase separa-
tion results in heterogeneity in the specimen as discussed in
connection with Fig. 2.
More noteworthy is that the calibrated value Mf for
the alloy with more tharx=0.7 is rather larger than that of
the solid line ofM;=2Z;—24. It should be noted that the gen-
eralized Slater—Pauling line often underestimates the experi-

3001 . . . . mental magnetic moments of the various transition metal al-
00 02 04 06 08 10 loys and compound®. In several Co-based Heusler alloy
Co,CrAl x Co,FeAl systems, it has been pointed out from XMCD measurements

that the magnitude of the orbital magnetic moment is rela-
FI(r;d |2 Me,taSta‘;'e k?hasde diag'am of ﬂ;]ezcafxll:ex/ﬁ alloy SYS‘edeT]e tively Iarge, being about 5%-10% of the spin magnetic
solid line gives the boundary between the single-phase region and the twq- —21 g
phase region. The dashed line represents the transformation tempé’r;ature?nomenﬂ Therefo_re' itis eXp?CtEd thfat the present larger
between thd2 andL2, phases. The temperatures represented by the closeif@lue of the magnetic moment is explained as the contribu-
circles and diamonds are determined based on the DSC measurements. tion from the orbital magnetic moment. On the other hand,
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