


Section II: Phase Diagram Evaluations

[85Bus]. [65Ter] further pointed out that the structure analysis of
Fe7Nd, was originally carried out by [63Kri] with Fe;7Nd; in
the thombohedral representation. Available evidence favors the

view that Fe{7Nd, is monomorphic and not dimorphic, as are
some other Fe{7RE, compounds.
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Fig. 1 Assessed Fe-Nd phase diagram.
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Phase Diagram Evaluations: Section II

Table2 Fe-Nd Crystal Structure Data
Composition, Pearson Space Strukturbericht
at.% Nd symbol group designation Prototype Reference
0 o2 Im3m A2 w [Massalski2]
0 cF4 Fm3m Al Cu [Massalski2]
0 cl2 Im3m A2 W [Massalski2]
10.5 ()] R3m . ThoZny7  {865ta,65Ter,
_ 63Kri,66Ray]
100 c2 Im3m A2 w [86Gsc]
100 hP4 P63/mmc A3 ala [86Gsc]
Metastable phase
Feg Ndoiini it cenncnenn hP6 P6/mmm D24 CaCus [86Sta]
(a) From 1538 t0 1394 °C. (b) From <1394 t0 912 °C. (¢) Below <912 °C. (d) Rhombohedral. (e) From 1021 to 863 °C. (f) Below <863 °C.
Table3 Fe-Nd Lattice Parameter Data
Composition, Lattice parameters, nm
Phase at.% Nd a c Comment Reference
0 0.29315 At>1394°C [Massalski2)
0 0.36467 At>912°C [Massalski2]
0 0.28665 At25°C [Massalski2]
10.5 0.8567(5) 1.2443(5) [82Her]
0.859 1.247 v [63Kiri,65Ter]
0.8578 1.2462 For “Fe7Nd” [64Ray,65Ray]
BN, oorverevorecenseree e sonsssssenes s sasssesssose s sesssnss s 100 0.413 Ar>863°C {86Gsc)
aNd.... 100 0.36582 1.17966 At25°C [86Gsc]
Metastable phase
Feg N e et ms s s s ssaresss senee [86Sta]
Thermodynamics Cited References

The thermodynamic optimization of the Fe-Nd phase diagram
was carried out by [87Sch]. They summarized the phase stability
parameters of Fe and Nd (as shown in Table 4), among which
those of Fe are quoted from [85Gui] and those of Nd are their op-
timized results based on the information from [77Bar]. These data
do not include ferromagnetic terms. The excess Gibbs energies
(see Table 5) of the liquid also were extracted from their experi-
mental work. The enthalpy of formation of Fe;;Nd, referring to
Fe(boc? and Nd(cph) was obtained as G(T) =— 97 166 + 61.110 T
J/mol™.

Magnetism

Fe;7Nd,

The Curie temperature, T, is 327 K [86Bus], which agrees well
with the results obtained by [64Wei] and [64Ray] (326 K, origi-
nally reported as T~ of “Fe;Nd”) and [82Her] (330 K).

Feg.xNd
Fes,,Nd has a T~ of about 370 K. Its magnetic properties (Mg ~

0.80T, T~370K) are not expected to make a useful contribution
to permanent magnet behavior [86Sta].

61Gsc: K.A. Gschneidner, Jr., Rare Earth Alloys, D. Van Nostrand Co.,
New York (1961). (Equi Diagram; Review)

63Kiri: PI Kripyakevich, V.F. Terekhova, O.S. Zarechnyuk, and L.V.
Burov, “Crystal Structures of Several Intermetallic Compounds of Gd
and Nd,” Kristallografiya, 7(2), 268 (1983) in Russian. (Crys Struc-
ture; Experimental)

64Ray: A E. Ray, K. Strnat, and D. Feldmann, “Preparation and Ther-
momagnetic Analyses of Compounds of Ce, Prand Nd with Fe having
the Approximate Composition RFe7,” Proc. 3rd Conf. Rare Earth
Res., 443-457 (1964). (Equi Diagram, Crys Structure, Magnetism;
Experimental)

64Wei: H. Weik, P. Fischer, W. Halg, and E. Stoll, “Investigations of the
Structure and Magnetic Behavior of Peritectic Pr-Fe and Nd-Fe Com-
pounds of the Type RFe; by means of Neutron Diffraction,” Proc. 4th
Conf. Rare Earth Res., Vol. I, 1-9 (1964). (Meta Phases, Experimen-
tal)

65Ray: AE. Ray, “The Crystal Structures of CeFe7, PrFe7, NdFe7 and
SmFe7,” Proc. 5th Conf. Rare Earth Res., Vol. 5,45 (1965). (Equi Dia-
gram, Crys Structure; Experimental)

*65Ter: V.F. Terekhova, E.V. Maslava, and Y.M. Savilsky, “Phase Dia-
gram of Fe-Nd Alloy System,” Russ. Metall. 3,50 (1965). (Equi Dia-
gram, Crys Structure; Experimental; #)

66Ray: A.E. Ray, “The Crystal Structure of CeFe7, PrFe7, NdFe7 and
SmFes,” Acta Crystallogr, 21, 426 (1966). (Equi Diagram, Crys
Structure; Experimental)

77Bar: I. Barin, O. Knacke, Q. Kubaschewski, Thermochemical Prop-
erties of Inorganic Substances, Vol. 2, Springer-Verlag, Berlin, 448
(1977).(Thermo;Review)
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Section II: Phase Diagram Evaluations

Table4 Elemental Phase Stabilities for Fe-Nd
G(T) =A-BT+CT (1-In T)-DT*2 - E2T- FT°/6 J/mol

Coefficients

Phase A B c Dx 107 Ex 10** Fx107¢
Fe(bce)(a) 12248 ~100.620 23.514 8.795 _1.5472 0.3536
Fe(fcc)(a) _237.6 ~107.752 24.664 7715 ~1.5412 0.3536
Fe(L)Xa) ~10839.7 -245.302 46.0 0 0 0
Nd(cph)(b) —8006.9 ~77.443 25.819 2.188 —0.2636 13.9450
Nd(becXb) ~18 029.7 -195.118 44.560 0 0 0
Nd(LXb) .. _16 333.2 -219.838 48.785 0 0 0

From [87Sch]. (a) Referring to bce phase at 298.15 K, 1 bar. (b) Referring to cph phase at 298.15 K, 1 bar.

Table5 Excess Terms for the Fe-Nd Liquid
AG™ = XFpeXNg E(XFe—XNa)' (Ay— ByT) J/mol

Coefficients
v Ay By
41 218.6 84.049
58 077.6 8.813
147 412.6 85.472

*82Her: J.F. Herbst, J.J. Croat, and R.'W. Lee, “Neutron Diffraction
Studies of Nd2(CoxFe1-x)17 Alloys: Preferential Site Occupation and
Magnetic Structure,” J. Appl. Phys., 53(1), 250 (1982). (Crys Struc-
ture, Magnetism; Experimental)

82Kub: O. Kubaschewski, Jron—Binary Phase Diagrams, Springer-
Verlag, New York (1982). (Equi Diagram, Crys Structure; Review; #)

85Bus: K.H.J. Buschow, D.B. De Mooij, and H.M. Van Noort, “The Fe-
rich Isothermal Section of Nd-Fe-Bat 900 °C,” Philips J. Res. 40,227
(1985). (Crys Structure; Experimental)

85Gui: A. Fernandez Guillermet and P. Gustafson, “An Assessment of
the Thermodynamic Properties and the (P, T) Phase Diagram of Iron,”
High Temp.-High Press. 16,591 (1985). (Thermo; Equi Diagram)

85He: Y. He, X.R. Chang, Z.Z. Tian, C.M. Hsiao, M.H. Wang, H.B. Lu,
Y.Y. Wang, and N.Q. Liu, “Positron Annihilation Study on the Solid
Solubility Limit of Neodymium in Pure Iron,” Scr. Metallurgica, 19,
79(1985). (Equi Diagram; Review)

*86Bus: K.H.J. Buschow, D.B. De Mooij, and H.M. Van Noort, “Prop-
erties of Metastable Ternary Compounds and Amorphous Alloys in

the Nd-Fe-B System,”J. Less-Common Met., 125,135 (1986). (Mag-
netism; Experimental)

86Gsc: K.A. Gschneidner, Jr. and FW. Calderwood, “Intra Rare Earth
Binary Alloys: Phase Relationships, Lattice Parameters and Sys-
tematics,” Handbook on the Physics and Chemistry of Rare Earths,
Vol. 8, KA. Gschneidner, Jr. and L. Eyring, Ed., North-Holland Phys-
ics Publishing, Amsterdam, 1-161 (1986). (Equi Diagram, Crys
Structure; Compilation)

86Sch: G. Schneider, E.T. Henig, G. Petzow, and H.H. Stadelmaier,
“Phase Relations in the System Fe-Nd-B,” Z. Metalikd., 77(11), 755
(1986). (Meta Phases; Experimental)

*86Sta: H.H. Stadelmaier, G. Schneider, and M. Ellner, “ACaCus-Type
Iron-Neodymium Phase Stabilized by Rapid Solidification,” J. Less-
Common Met., 115,1.11 (1986). (Meta Phases, Crys Structure; Ex-
perimental)

*87Sch: G. Schneider, E.T. Henig, G. Petzow, and H.H. Stadelmaier,
“The Binary System Iron-Neodymium,” Z. Metallkd., 78(10), 694-
696 (1987). (Equi Diagram, Thermo, Experimental)

87Wan: Y.Y. Wang, N.Q. Liu, Z.Z. Tian, and X.R. Chang, “Determina-
tion of the Solubility of Neodymium in Iron by Positron Annihila-
tion,” Acta Metall. Sin. (China), 23(3), B149-151 (1987) in Chinese.
(Equi Diagram; Experimental)

87Zha; W. Zhang, X. Li, G. Liu, and S. Pan, “Determination of the Solu-
bility of Nd, Ce, Sm in Iron by Diffusion Couple Method,” unpub-
lished research (1987). (Equi Diagram; Experimental)

* Indicates key paper.
#Indicates presence of a phase diagram.
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