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evaluation, more comprehensive literature sources were col-
lected. In particular, some pertinent thermodynamic data were
found. The liquidus composition at the peritectic equilibrium
Figure 1 shows the assessed equilibrium diagram that is takeqiith Fe,Gd is ~20 at.% more Gd-rich than the diagram in
mainly on the calculated diagram based on thermodynamicmassalski2]. This result is consistent with the review of
modeling by [95L.iu], but includes consideration of the experi- [960ka].

mental work of [69Sav] and the evaluated diagram of [82Kub]. ) ) .

The equilibrium phases include: (1) the liquid, L; (2) four The binary phase diagram of the Fe-Gd system has been inves-
peritectic intermetallic compounds, that is, /8, Fe,.Gd;, tigated by several investigators [60Vic, 61Nov, 61Sav, 62Cop,
Fe,Gd, and FgGd; and (3) five terminal solid solutionsiRe), 64Bur, 69Sav]. [82Kub] proposed an Fe-Gd phase diagram
(yFe), OFe), @Gd), and BGd). Table 1 presents the three- based on [62Cop] with some modifications. Recently, [930ka]
phase equilibria and pure metal transformation data. In thisevaluated this system. [61Nov] suggested that seven intermet-

Equilibrium Diagram

Table 1 Special Points of the Assessed Fe-Gd Phase Diagram

Composition, Temperature,  Reaction
Reaction at.% Fe °C type Reference
L -~ doFe 100 1538 Melting [Massalski2]
oFe ~ YFe 100 1394 Allotropic [Massalski2]
yFe » oFe 100 912 Allotropic [Massalski2]
OFe o L+yFe..coenenne ~99.4 91 ~99.45 1380 Metatectic [69Sav, 95Liu]
yFe + FerGth o OFe ..cccveeeieee ~99.97 89.5 ~99.87 ~924 Peritectoid  [69Sav, 82Kub, 95Liu]
BFa/Gtk « aFe/G.... 89.5 1215 Polymorphic [90Ati2]
L+yFe o FarGMm ..cccoovveiiieeieene 88.1 ~99.1 89.5 1331 Peritectic [82Kub, 95Liu]
L+ FerGth « FeaGos......cccovvvreeeirieierire 76.6 89.5 79.3 1283 Peritectic ~ [69Sav, 82Kub, 95Liu]
L+ FesGo « FeG......cooceviirirciicce 52.3 79.3 75 1156 Peritectic [95Liu]
L+ FeGd o FEeG. ..o 44 75 66.7 1082 Peritectic [69Sav, 82Kub]
L o FeGd +0Gd. ... ~26.4 66.7 ~0 ~832 Eutectic [69Sav, 95Liu]
L oo BG .o 0 1313 Melting [Massalski2]
BGd o OG ..eoieiiiieiie e 0 1235 Allotropic [Massalski2]
Table 2 Crystal Structure Data
Composition, Pearson Space Strukturbericht
Phase at.% Fe symbol group designation Prototype Reference
0 hP2 P6,/mmc » Mg [61Nov, 71Bru]
0 cl2 Im3m n W [71Bru]
66.7 cF24 Fd3m Cl15 CuMg [64Man, 78Cre]
75 hR12 R3m Be;Nb [65Smi, 85Sei]
79.3 cF116 Fm3m D8, Mn,3Thg [65Kiri]
89.5 hR19 R3m Zny;Th, [63Kri, 70Giv]
89.5 hP38 P6y/mmc Niy7Thy [63Kri, 70Giv]
100 cl2 Im3m ) w [Massalski2]
100 cF4 Fm3m Al Cu [Massalski2]
100 cl2 Im3m n W [Massalski2]
60 c*30 [61Nov]
77.8 0*18 [61Nov]
80 hP10 [61Nov]
FesGd.....ooovvviieiieiiens 83.3 hP6 P6/mmm 24 CaCy [60Nas, 61Nov]
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Fig. 1(a) Assessed Fe-Gd phase diagram plotted with composition in at.% Gd. Note the two-phase regions between the (Fe) al
not resolvable on the scale of this diagram.
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Fig. 1(b) Assessed Fe-Gd phase diagram plotted with composition in wt.% Gd. Note the two-phase regions between the (Fe) allptropes are
not resolvable on the scale of this diagram.
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Section Il: Phase Diagram Evaluations

allic compounds (Fg&d,, FeGd, FgGd, FeGd, FegGd, Fe,,Gd,. According to [Shunk], the phase diagram of [64Bur]
Fe.Gd, and FgGd,) exist, but compounds Eed,, FeGd,, included four compounds: E&d,, Fe,Gd, FeGd, and FeGd
and FgGd have not been confirmed by other measurementsThe last two compounds are unusual. [64Bur] probably mis-
[61Sav, 62Cop, 69Sav]. [61Sav] reported compoungs¥ee took FgGd and FeGd for FeGd and FeGdrespectively
and FgGd, and a third compound, hinted at by thermal analy- [930ka], because E&d and FsGd occur in the phase dia-
sis. [62Cop] confirmed the existence of the compounglsdke ~ gram of [69Sav] (same research group). [69Sav] showed
Fe,Gd, and FgGd. The compound 5E&d may be inferred as  Fe,Gd, and FgGd as certain with F&d and FgGd as ques-

Table 3 Fe-Gd Lattice Parameter Data

Composition, Lattice parameters, nm
Phase at.% Fe a b c Reference
OG oo 0 0.3635 0.5780 [61Nov, 71Bru]
0.36336 . 0.5781 [Massalski2]
BGA.ooiiiiieece e 0 0.406 [71Bru]
66.78 0.7450 [44End]
0.7400 . . [60Nas]
0.7530 [61Nov]
0.7390 [60Wer, 62Cop, 68Ray, 87Ich]
0.7389 [61Bae]
0.7360 [61Sav]
0.7355 . . [64Man]
0.740 . . [78Cre]
0.73909 [68Man]
0.7394 [72Can, 62Hub]
0.73875 . . [74Atz]
0.7396 [70Bus]
0.7403 . . [82Kie]
0.7390 [87Ich]
FE3GA....ooiiiee e 75 0.3205 . 1.303 [61Nov]
0.5148 2.462 [62Cop, 65Smi]
0.51692 . 24737 [66Van]
0.51654 . 2.4707 [68Dwi]
0.5166 2471 [68Ray]
0.5157 2.470 [85Sei]
2157k €10 TR 79.3 1.2134 [65Kri]
1.212 [86Nag]
BREL?G. e 89.5 0.839 . 0.853 [61Nov]
0.850 . 0.835 [63Kri]
0.8486 . 0.8349 [66Bus]
0.8496 . 0.8345 [70Giv]
OFEI7Gd .. 89.5 0.8536 1.2429 [61Kri, 61Sav]
0.855 . 1.240 [63Kri]
0.8517 1.2429 [66Bus]
0.8538 . 1.2431 [68Ray]
0.8540 . 1.2428 [70Giv]
OF€ oo 100 0.28665 . e [Massalski2]
100 0.36467 . e [Massalski2]
100 0.29315 . e [Massalski2]
60 0.825 [61Nov]
77.8 0.571 0.678 0.715 [61Nov]
80 0.515 - 0.664 [61Nov]
83.3 0.50 0.41 [61Nov]
0.492 0.411 [61Nov]
0.483 0.413 [62Hub]
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tionable. In line with the other Fe-RE systems, the earlier re-methods. Fgsd melts peritectically at 1156 °C with the
ported FgGd was written as EgGd; [Moffatt, 82Kub]. The liquidus composition of ~44 at.% Gd [95Liu] or at 1155 °C
Fe-Gd binary phase diagram was thermodynamically assessedith the liquidus composition of ~34 at.% Gd [82Kub,
by [95Liu] and is similar to that given by [82Kub] and [930ka] 930Oka]; the former value is adopted in Fig. 1.

with four peritectic intermetallic compounds: ,F8d,,

Fe,,Gd;, F&,Gd, and FgGd, and one eutectic reaction. Fe23Gde

Terminal Phases The earlier reported F&d [59Nes, 61Nov] should probably

be written as EgGd; with Mn,;The-type structure [65Kri,
The Gd dissolves less than 0.6 at.% Fe [62Cop]. The transfor77Bus]. [84Her], [86Nag], and [90Ati1] confirmed the exist-
mation temperature far ~ Bis 1235 °C [Massalski2]. How-  ence of Fg,Gd. It is likely formed peritectically at 1280 °C
ever, the alternative reports were 1260 °C [82Kub], 1261 °C[82Kub], but only very slowly [84Her]. The formation of the
[63Hul], and 1284 °C [71Bru]. The melting point of Gd was compound is accelerated by using less pure starting materials,
suggested to be 1313 °C by [Massalski2], 1312 °C by [71Bru],with O as one effective impurity. [930ka] suggested that
and 1315 °C by [63Hul]. The data from [Massalski2] are com- Fe,,Gd, may be stable only in a restricted temperature range
monly accepted. immediately below the melting point at 1280 °C, whereas

[95Liu] reported 1239 °C as tHeGd ~ aGd + L reaction other investigators found E£&d; to be a stable phase at room
temperature according to his thermodynamic assessment udeémperature [92Tia] and at 500 °C [95Zhu].

ing the data of [91Din] for pure elements. Because there is N%a.-Gd
experimental data to confirm this reaction, it is not adopted in- 1 2

Fig. 1. This compound melts peritectically at 1331°C [67Liu].
The 8Fe < L +yFe invariant reaction is at 1380 °C [69Sav, Fe ;Gd, is currently accepted as crystallizing in two modifi-
82Kub, 95Liu], and the compositions of the phases are fromCations: a high-temperature phase with the hexagonal

[95Liu]. Ni,,Th,-type structure and a Iow—temperature phase yvith
rhombohedral ZpTh,-type structure with the polymorphic
Fe>Gd transition temperature being 1215 °C [90Ati2]. Neglecting

This compound was obtained independently by [60Wer], . ; T
[61Nov], and [78Cre]. It is formed by a peritectic reaction at lzt_)leed‘ls Eép;gr;rplegézlinthalples of Mixing in the
1080 °C. The liquidus composition at the peritectic melting of y

Fe,Gd is ~56 at.% Gd [95Liu] or ~59 at.% Gd [69Sav], which Composition,

differs by ~20 at.% from that given by [62Cop], [82Kub], and at.% Gd —AH;, kd/mol
[930ka]. In view of the systematic trends of the Fe-RE sys- , 0
tems, the diagram of [69Sav] and [95Liu] appears to be more, [~

.y s ®2514
reasonable [960ka]. The value of [95Liu] is adopted in Fig. 1. Jp—
The L -~ Fe,Gd + @Gd) eutectic is reported at 830 °C, 72 30 49871
at.% Gd [61Sav, 69Sav]; at 845 °C, 66.9 at.% Gd [62Cop]; at40.... &9l
845 °C, 70 at.% Gd [82Kub]; at 849 °C, 72 at.% Gd [64Bur]; or 50.... 27183
at 832 °C, 73.6 at.% Gd [95Liu]. 60 23662

70 68242
Fe3Gd 80.... 36529
The existence of the compound,&e was first confirmed by igc')'“ 3@‘%0
[61Nov] and [62Cop] using thermal, x-ray, and metallographic e
Table 5 Experimental Enthalpies of Formation in the Fe-Gd System
AHy, T, Temperature of
Compound kJ/mol K Method experiment, K Reference
FEG. ...t -11.6 298 solution calorimetry in liquid Al 998 [86Cal]
-35 1078 reaction calorimetry [75Deo0]

FEG. it -9.3 298 solution calorimetry in liquid Al 988 [87Col1]
FELIZGM. oo -2.3 298 solution calorimetry in liquid Al 1092 [87Col1]
Table 6 MeasuredT; andp Values Used in the Assessed Fe-Gd System
Phase Fe,Gd FesGd Fe,3Gdg Fe;Gd,
Ty Ko 782 728 468 472
BLHB cvoeviveeiiesens e 3.35 16 14.8 21.2
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Table 7 Thermodynamic Parameters Obtained by [95Liu] (in Sl units)

LiQUId ..o LgeL,Gd: _27 625 + 17.860
L gq= 14594 - 8.898
DCC oo ng)gd: 28 758 + 38.096
T e ng?éd= 30231
CPN '—gﬁ,‘éhf 1 000 000
FOITGM. e Ggé':;ed&Gdz - 17G2£b00_2G%20Dh =-218 222 + 98.894
FEBGOS....vovevieerieiese e GUFEC4 - 2360Mbee— 6GONPN= 430 075 + 182.333
FEGA. ..ottt vaeF: (jd - 3@2gb00_ G%QCDh: —61 393 + 26.210
FOGA... i GUFeCd_ oG2MPeC— GANCPR= _46 829 + 63296 5.917 In T — 353 12T - 94 463 547

Table 8 Curie Temperature Values in the Fe-Gd System Metastable Phases

Composition, Te,
Phase at.% Fe K Reference Many compounds reported by early authors [61Nov, 61Gsc,
66Bus] were not confirmed by later investigations. There is the

FeB oo 66.7 782 [64Man] possibility that some of those unconfirmed compounds are
788 [74Dar] metastable phases. Further, there is still a question as to what
796 [77Bus] portion of the reports of [66Bus, 70Giv, 77Bus] represents
810 [85Zho] equilibrium and what represents transient kinetic effects or

[CTs I 75.0 729 [77Bus] metastability.

(2= €10 S 79.3 659 [77Bus] .

FerrG b 89.5 476 [77Bus] Formation of Amorphous Phases

The ability to form amorphous alloys can be estimated by the
imaginary eutectic that is obtained from extrapolation of the
terminal liquidus lines of each element. In the Fe-Gd system,
o ) the formation range of the amorphous phase shifts from the
ranges of homogeneity is common when calculating phaseyea| eutectic composition (about 70 at.% Gd) toward the vir-
diagrams because such neglect greatly simplifies the calcutyal eutectic composition (about 50 to 60 at.% Gd). The atomic
lating procedure, and the diagram in Fig. 1 is based primarilysize effect of constituent elements on the metallic glass forma-
on the calculated diagram of [95Liu]. There is strong evi- tion was discussed by introducing the atomic volume mis-
dence for a range of homogeneity for,f&d,. Indeed, match evaluated from the cube of the atomic radius of solvent
[81Sta] has reported that the ,Zhih,-type structure occurs  and solute [85Uen]. Amorphous Fe-Gd alloys, ribbons about
only for Fe-deficient stoichiometries, FgTh,. Further, a  15pumthick, from 16 to 70 at.% Gd, were prepared with a melt-
range of homogeneity for the phase was reported by [66BusHuenching method in a vacuum [91Tok]. Samples from 16 to
who found the rhombohedral ZTh,-type structure for an- 70 at.% Gd were obtained by [91Yan]. Th€d phase ap-
nealed alloys across a range of compositions. [66Bus] alsd®€ared in these samples at higher Gd concentrations. In addi-

found that quenched stoichiometric alloys had thgTi,-  tion. pure Gd, Fe, and £eGd, thin films were thermally
type structure while quenched alloys through the COmposi_evaporated with a thickness of 500 to 700 A [84Lee1l, 84Lee2].

ton range FeGd, and FeGd showed both the The composition dependence of the as-deposited material
thombohedral ZpTh,-type structure and the hexagonal showeq three different regions: (1) an amorphous alloy an'd
Ni,,Th,-type structurze. Finally, in quenched alloys near a ahFe mixture up to 24 at];% Gd, (2)an angorphous alloy phase in
stoichiometry of FegGd, [66Bus] found weak reflections the composition range from 24 to 60 at.% Gd, ana @) and

h I i % Gd.
from Feg,Gd mixed with reflections from the ZyTh,-type an amorphous alloy mixture above 60 at.% Gd
structure. Later work by [70Giv] showed that alloys near the Thermal Stabilities of Amorphous Films

composition FgGd could be indexed on hexagonal lattice Amorphous alloys are in a nonequilibrium state and crystallize

parameters Oa.: 0.4905 to 0.4931 nm ano=0.4173 to to lose their amorphous characteristics above a certain tem-
0.4143 nm, which are characteristic of the closely related joaqre. Several relevant investigations have been carried out
CaCutype structure. [70Giv] postulated that such a diffrac- o the Fe-Gd alloy system. The results of thermomagnetiza-
tion pattern could be produced by the substitution of one Gdtion [91Yan] showed three types of crystallization processes:
atom by two Fe atoms (2 to 1 is approximately the atom vol- (1) gFe, Fg.Gd,, and FeGd at the composition 22 at.% Gd,
ume ratio of Gd to Fe) on a significant number of Gd crystal- (2) aFe, FgGd, andxGd in the region 33.3 to 58 at.% Gd, and
lographic sites. Thus there is definite evidence for a range 0f(3) Fe,Gd andaGd at the composition 70 at.% Gd. The XRD
homogeneity, but composition limits for the homogeneity study [91Tok] indicated that these amorphous alloys crystal-
range await determination. lized into two phases,Gd and the Laves phase {&el) with-
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out any trace of theFe phase. In addition, the investigation of Enthalpies of mixing for liquid alloys were measured at 1850
the crystallization process for amorphous thin films by meansK by [89Nik] (Table 4). The enthalpies of formation of transi-
of in situ transmission electron microscopy [84Leel, 84Lee?2] tion rare earth metal alloys were collected by [87Col2]; these
was characterized by the three reaction stagesaiK#&)and include values for F&d, FgGd, and FgGd, compounds
aGd were precipitated by primary crystallization, (2) some (Table 5). The phase relations and thermodynamic data of the
transient intermetallic compounds were formed, and (3) theFe-Gd system were thermodynamically assessed by [95L.iul].

equilibrium phases were formed bysubsequentdecompositiorl\:Or some phases, there is a magnetic transformation. Ac-

reactions. During the in situ crystallization reaction,df@ ., 4in t [78Hil], the magnetic contribution to the Gibbs
Egﬁss?azp;peared in the first or the second but not the final reacénergy,GmW, in the structure is described by:

The onset temperatures of crystallization are different among-mgge — ¢

different investigations because of different heating times angllG m RTIn (B + 1)i(1)

cooling rates. [91Yan] reported that crystallization did not start

below the Curie temperature of any amorphous alloy. This re-t = T/T? (Eq 1)
sult is in accordance with that of x-ray measurement [91Tok]

but different from that for bulk ribbon (60 at.% Gd) obtained whereT? is the critical (Curie or Neel) temperature @dhe

by [79Bus] who reported thaetGd began to precipitate around magnetic momentf(t) are the polynomials generated by

140 °C. [78Hil]. T, andp are taken from the measured critical tempera-
) ) ) ture and the mean Bohr magnetic moment per mole. Table 6
Magnetic Properties of Amorphous Alloy Films lists the values of, andB used by [95Liu].

The evaporated amorphous film of Fe-Gd was reported to posThermodynamic Models of Liquid, fcc, bcc, and

sess a perpendicular anisotropy sufficient to cause the mageph Phases

netization to be normal to the film plane [74Hei], particularly

in the vicinity of the magnetic compensation point* [78Mim].

The mean field model [75Hei, 76Hei] was proposed to calcu-

late a systematic variation of the Curie temperature associated

with a variation of composition and rare earth species and alsas¢, = X G2 + X, (G, + RTX, In X+ X5q 1N X5

to reproduce the observed shape of magnetization-versus-tem-

perature curves. [78Mim], [84Leel], and [91Yan] investigated _ _

the Curie temperaturg,,, and the compensation temperature, + GI9® + X Xy > L2 5o (Xee = Xad! (Eq2)
|

The liquid, fcc, bee, and cph phases are treated by a one-sublat-
tice model for which the Gibbs energy expression is:

a

Teomp for amorphous Fe-Gd alloys at different compositions.

. whereX; is the mole fraction of elemeini = Fe, Gd)GP? is
Crystal Structures and Lattice the molar Gibbs energy in the structdrén nonmagnetic
Parameters states,L}:? 5, are the binary interaction parameters, and

Gnat is thé magnetic contribution to the Gibbs energy.

Crystal structure and lattice parameter data for the phases il hermodynamic Models of Intermetallic

the Fe-Gd system are summarized in Tables 2 and 3. Compounds
All the intermetallic compounds are treated as stoichiometric
Thermodynam ics phases. Their Gibbs energies per mole of formula upGée

can be expressed as:

The specific heat anomaly of , @ singularity in the heat
capacri)ty around the magnétic gfgering tegmpergture, was meaSn "8°% = AGEPC+ B G +a+bT+cTInT
ured and discussed by [74Dar]. The lower temperature specific
heat was determined in the temperature range 8 to 300 K
[81Gerl]. The crystal field contribution to the heat capacity
was evaluated [81Ger2]. The &dbk ans-state ion and as such
is not expected to interact with the crystalline electric field.
However, [81Ger2] illustrated that this contribution was sig-
nificant. The heat capacity of fed intermetallic compound
over the temperature region 1.5 to 10 K was also measured
[79But]. Values for the apparent electronic heat capacity be-» The ferromagnetic coupling of Fe when in combination with heavy
tween 5 and 10 K were determmec(%s T + T3B with co- rare earth elements such as Gd causes a decrease in the spontaneous

efficients™ = 19.3 mJ/mole-K andp = 0.296 mJ/mole-K magnetizationlM, with increasing temperature, whereas the antifer-
) ) o romagnetic coupling of Gd causes an increase in the spontaneous
A molecular field model for analytically predicting entropy magnetization with increasing temperature. The temperature at which

change in the temperature regior T, was developed for the  the increase due to Gd matches the decrease due to Fe is known as the
Fe-Gd system at the composition 89.5 at.% Fe [840es]. compensation temperature.

+ GOmgFe s, (Eq 3)

whereG2ficPhandGZ*ceare the Gibbs energies of the respec-
tive pure elements in a hypothetical nonmagnetic cph and bcc
structure, and53M9F&C% is the magnetic contribution to the
Gibbs energy.
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The thermodynamic data for pure elements are from the work oliniumand NeodymiunKristallografiya, §2), 203 (1963); TRSov.

of [91Din] with reference to SER (standard element reference) Phys. CrystallogCrys Structure; Experimental)
at 298.15 K. *64Bur: I.V. Burov, V.F. Terekhova, and E.M. Savitskprosy Teoriii

] ) o ] Primeneiya Redkozemelnykh Metale. Savitskii and V.F. Terek-
A consistent thermodynamic description of this system ob-  hova, Ed., Akademiya Nauk SSSR, Moscow, 116-123 (1964); quoted
tained by [95Liu] is given in Table 7. The calculated phase in[Shunk]. (Equi Diagram; Experimental; #)
equilibria agree well with the literature data [61Sav, 69Sav]. 64Man: M. Mansmann and W.E. Wallace, Magnetic Properties of
GdFeand DyFg,J. Chem. Phys., 40167-1168 (1964). (Crys Struc-
ture, Magnetism; Experimental)
*65Kri: P.I. Kripyakevich, D.P. Frankevich, and Y.V. Voroshilov, Com-
) ) ) . pounds with Structures of the gWin,3 Type in Alloys of Rare Earth
The magnetic properties of the intermediate phases have been \etals with Manganese and Ir@g. Porosh. Metl1,55-61 (1965).
investigated in various laboratories [71Kir, 74Kli, 74Dar,  (EquiDiagram, Crys Structure; Experimental)
64Man, 59Nes, 81Ger]. [77Bus] has compiled the magnetic65Smi: J.F. Smith and D.A. Hansen, The Structures of;YNCos
data for various rare earth/transition metal compounds and ThFe and GdFg Acta Crystallogr., 191019-1024 (1965). (Crys
lists mean values. [85Zho] studied the magnetic properties of Structure; Experimental)
FeZGd The Curie temperatures of the compounds in the Fe-G@$6Bus:K.H.J. Buschow, The Crystal Structures of the Rare-Earth Com-

Magnetism

system are given in Table 8. pounds of the Form Rli;7, R;Co,7 and BFe 7 J. Less-Common
Met., 11,204-208 (1966). (Meta Phases, Crys Structure; Experimen-
Cited References tal)

) 66Van: J.H.N. Van Vucht, Note on the Structures of Gglf&dNi,
*44End: dF. Endter anth. Klemm, Crystal Structures ojGe and GdCgand the Corresponding Yttrium Compourddsess-Common
ganG ,;.EAnorg. ~ e:n., 25877-379 (1944) in German. (Crys Met., 10146-147 (1966). (Crys Structure; Experimental)
tructure; Experimental) 68Dwi: A.E. Dwight, “The Unit-Cell Constants of Some Pg¥ype

59Nes:E.A. Nesbitt, J.H. Wernick, and E. Corenzwit, Magnetic Mo- " i
ments of Alloys and Compounds of Iron and Cobalt with Rare Earth gﬁ&?ﬁé‘?%ﬁ(’pﬁ?ﬁ;gﬁanwr' B, 241395-1396 (1968). (Crys

Metal Additions,). Appl. Phys., 38), 365-367 (1959). (Magnetism; 68Man: R.C. Mansey, G.V. Raynor, and |.R. Harris, Rare-Earth Inter-

Experimental) ; :
; . mediate Phases, V. The Cubic Laves Phases Formed by Rare-Earth
60Nas:K. Nassau, L.V. Cherry, and W.E. Wallace, Intermetallic Com- Metals with Iron and Nickel). Less-Common Met., 1329-336

pounds between Lanthanons and Transition Metals of the First Long (1968). (C . :
) . i e . (Crys Structure; Experimental)
PeriodPhys. Chem. Solids, 13-130 (1960). (Crys Structure; Ex 68Ray: A.E. Ray, Iron-Rare Earth Intermediate Ph&e¢. 7th Rare

erimental

60€/ic: R.C.\/l)ckery W.C. Sexton, V.F. Novy, and E.V. Kleber, Magneto Earth Research Conferencprdon anq Breach, Coronado, CA,

Structural Studies on Gadolinium-Iron Alloys Appl. Phys., 35), 473-484 (1963)' (?rys Structure; Expenmental_)
~ P . - 69Sav:E.M. Savistkii, V.F. Terekhova, R.S. Torchinova, |.A. Markova,

Supplement 366S-367S (1960). (Equi Diagram; Experimental) OP N kin. VE. Kolesnichenk dVE S Bt Conf

60Wer: J.H. Wemnick and S. Gelier, Rare-Earth Compounds with the ~ O-P- Naumkin, V.E. Kolesnichenko, and V.F. Stroganuac. Cont.
MgCu, StructureJTrans. Met. Soc. AIME, 2(80), 866-868 (1960). Les Elements des Terres Rardd8D), Paris-Grenole, 49-60 (5-10
(Equi Diagram; E,xperimental) ' ' May 1969). (Equi Diagram, Thermo; Experimental)

61Bae:N.C. Baenziger and J.L. Moriarty, Gadolinium and Dysprosium 70Bus:K.H.J. Buschow and R.P. van Stapele, Magnetic Properties of
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