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Equilibrium Diagram 

An Fe-Nd binary phase diagram was proposed initially by 
[65Ter]; several investigations on the structure and magnetism of 
some Fe-Nd alloys had been made previously [61Gsc, 64Ray]. 
[65Ter] investigated the Fe-Nd system by means of thermal and 
X-ray analyses, metallography, microhardness tests, and meas- 
urements of the electrical resistance. Fe of 99.9 wt.% and Nd of 
99.0 wt.% purity were used as starting materials. [65Ter] con- 
chded that this system comprises two peritectic reactions, and 
one eutectic reaction, and two intermetaUic compounds--- 
FelTNd 2 and Fe2Nd. [82Kub] reviewed this system and based her 
diagram mainly on the results of [65Ter]. 

The existence of Fe2Nd has not been confirmed by later investiga- 
tions. From systematic analyses with differential thermal analysis 
and X-ray diffraction, [87Sch] concluded that FelTNd 2 is the only 
intermetaUic compound in the system. Fe2Nd was not found 
either in a diffusion couple held at 800 ~ for reaction between Fe 
and Nd to form Fe2Nd, or in specimens annealed for 300 h at 900 
and 600 ~ and quenched. The assessed Fe-Nd phase (Fig. 1) is 
based on the works of [65Ter], [87Sch], [85He], [87Wan], and 
[87Zha]. The stable phases are: the liquid, L; the intermetallic 
compound Fel7Nd2; the terminal solid solutions, (fiFe), (,fie), 
and (ctFe); and the terminal solid solutions ([~Nd) and (aNd). 
Special points of the assessed diagram are summarized in Table 1. 

(Fe)  S o l i d  S o l u t i o n s  

The solid solubility limit of Nd in (ctFe) is 0.034 • 0.015 at.% at 
760 ~ and 0.066 to 0.112 at.% at 840 ~ [87Wan, 85He]. These 
values were determined by means of S parameter of Dopplar 
broadening spectra in the positron annihilation analysis. The in- 
sert in Fig. 1 shows the results obtained by [87Zha] using a diffu- 
sion couple method, in which the compositions of TFe and ctFe at 
935 ~ are estimated by use of the van't Hoff equation. 

F e  17Nd2 

The peritectic formation of hexagonal Fe17Nd 2 occurs at 1210 _ 
5 ~ [87Sch], which is higher than that reported in the early work 

[65Ter] (1185 • 10 ~ The "Fe~Nd" compound obtained by 
[64Wei], [64Ray], and [65Ray] is now believed to be Fel7Nd 2 
[66Ray, 87Sch]. 

(Nd) S o l i d  S o l u t i o n s  

The a ~ [3 transformation temperature of Nd is 863 ~ [86Gsc]. 
The maximum solid solubility of Fe in (aNd) was reported to be 
4 wt.% [65Ter], which appears to be improbably high, compared 
with results from other Fe-RE systems. 

Fe2Nd 

Both [61Gsc] and [65Ter] reported the existence of Fe2Nd as a 
stable phase, but this was not confirmed by later investigations 
[87Sch]. 

M e t a s t a b l e  P h a s e s  

Fes§ was obtained by splat cooling [86Sta] at rates estimated 
to be 10 ~ The samples were analyzed by X-ray. The exact 
composition is not yet known; it is represented as Fe5+xNd, where 
x is less than 3.5, but not near zero [86Sta]. The FeqNd compound 
obtained by rapid cooling is aim this kind of metastable phase 
[86Sch]. 

C r y s t a l  S t r u c t u r e s  a n d  L a t t i c e  
P a r a m e t e r s  

Fe-Nd crystal structure and lattice parameter data are surranarized 
in Tables 2 and 3, respectively. 

F e 1 7 N d 2  

[85Bus] reported that Fel7Nd 2 has a rhombohedral structure. The 
rhombohedral"Fe7Nd" reported by [65Ray] was suggested to be 
Fel7Nd 2 by [87Sch] and others. The stoichiometric difference 
implies a finite width of the phase field. It should be noted that a 
rhombohedral structure can be indexed on hexagonal coordi- 
nates, and the hexagonal axis reported by [65Ter] and [82Kub] 
can be transformed to match the rhombohedral axis reported by 

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

Composition of the respective phases, Temperature, Reaction 
Reaction at.% Nd *C type Reference 
t , ~ ,  ~ F c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  �9 �9 �9 

8Fe .~. "yFe ........................................ 
7Fe "" ale ....................................... 
(tFe) ,~, (ctFe) + L . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L + ('tFe) ',,-," FelTNd 2 ..................... 30.1 
(yFe) + FelTNd 2 .,-,. (ale) . . . . . . . . . . . . . . . . .  
L ,,.,. FelTNd 2 + (aNd) ................... 79.5 
L.,-* [~Nd ........................................... 
~Nd ~- and ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 ... 1538 Melting [Melt] 
0 ... 1394 Allotropic [Melt] 
0 ... 912 Allolropic [Melt] 
... 8.5 1370 Metatectic [87Sch] 
... 10.5 1210 Peritectic [87Sch] 

10.5 ... 935 • 7 Peritectoid [65Ter] 
10.5 ... 684 Eutectic [87Sch] 

100 ... 1021 Melting [86Gsc] 
100 ... 863 Allotropic [86G~] 
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[85Bus] [65Ter] further pointed out that the structure analysis of 
FelTNd 2 was originally carded out by [63Kri] with Fel7Nd 2 in 
the rhombohedral representation Available evidence favors the 

view that FelTNd 2 is monomorphic and not dimorphic, as are 
some other Fe17RE2 compounds. 

W e i g t l L  P c r ( : c n L  N e o d y m i u m  
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Pig. 1 Assessed Fe-Nd phase diagram. 
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Table 2 Fe-Nd Crystal  Structure  Data 

Composition, Pearson Space Strukturbericht 
Phose at. % Nd symbol group designation Prototype Reference 
~Fe(a) ............................................ o 
�9 tFe(b) ............................................ 0 
aFe(e) ........................................... 0 
FewNd2 ......................................... 10.5 

13Nd(e) ........................................... I00 
and(0 ........................................... I00 

Metastable phase 

F%,~q'd ............................................ 

c12 Ira3m A2 W [Massalsld2] 
cF4 Fm3m A 1 Cu [Massalski2] 
c12 Im'3m A2 W [Massalski2] 
(d) R3m ... Th2Znl7 [86Sta,65Ter, 

63Kri,66Ray] 
ci2 Ira3m A2 W [86Gsc] 
hP4 P63/mmc A3' aLa [86Gsc] 

hP6 P6/mmm D2d CaCu5 [86Sta] 

(a) From 1538 to 1394 *C. (b) From <1394 to 912 *C. (c) Below <912 ~ (d) Rhombohedral. (e) From 1021 to 863 ~ (0 Below <863 ~ 

Table 3 Fe-Nd Latt ice  Parameter  Data 

Composition, Lattice parameters, nm 
Phase aL% Nd a c Comment Reference 
~Fc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 

�9 rFe ........................................................................... 0 
ctFe .......................................................................... 0 
FelTNd 2 .................................................................... 10.5 

~Nd .......................................................................... I00 
aNd .......................................................................... 1(30 

Metastable phase 

r:~,~Nd ....................................................................... 

0.29315 ... At >1394 ~ [Massalski2] 
0.36467 ... At >912 ~ [Massalski2] 
0.28665 ... At 25 ~ [Massalski2] 
0.8567(5) 1.2443(5) ... [82Her] 
0.859 1.247 ... [63Kri,65Ter] 
0.8578 1.2462 For "Fe7Nd" [64Ray,65Ray] 
0.413 ... At >863 ~ [86Gsc] 
0.36582 1.17966 At 25 ~ [86Gsc] 

{86Sta] 

T h e r m o d y n a m i c s  

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 Fel7Nd 2 referring to 
Feftx:c) and Nd(cph) was obtained as G(T) = -  97 166 + 61.110 T 
J/tool-'. 

M a g n e t i s m  

F e 1 7 N d 2  

The Curie temperature, Tc, is 327 K [86Bus], which agrees well 
with the results obtained by [64Well and [64Ray] (326 K, origi- 
nally reported as T c of"FeTNd" ) and [82Her] (330 K). 

F e s + x N d  

Fes+xNd has a T C of  about 370 K. Its magnetic properties (M s - 
0.80 T, T C-, 370 K) are not expected to make a useful contribution 
to permanent magnet behavior [86Sta]. 
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Table  4 E l e m e n t a l  P h a s e  Stabil it ies for  F e - N d  
G CO = A - B T  + CT (1 - I n  1") -D12/2-E/2T-FT~/6  J /mol  

Coefficients 
Phase A B C D • 10 -3 E • 10 +s F • 10 -6 

Fe(bcc)(a) ..................................... 1 224.8 
Fe(fcc)(a) ...................................... - 237.6 
Fe(LXa) ......................................... 10 839.7 
Nd(cph)(b) .................................... -8 006.9 
Nd(bceXb ) ..................................... 18 029.7 
Nd(LXb) ....................................... -16 333.2 

-100.620 23.514 8.795 -1.5472 0.3536 
-107.752 24.664 7.715 -1.5412 0.3536 
-245.302 46.0 0 0 0 
-77.443 25.819 2.188 ~).2636 13.9450 

-195.118 44.560 0 0 0 
-219.838 48.785 0 0 0 

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

Table  5 Exces s  Terms  f o r t h e  F e - N d  L i q u i d  
AG ex = XFeXNd ~CXFe - XNd) v (A v - BvT) Jlmol 

Coefficients 
v Av By 
0 .................................. 41 218.6 84.049 
1 .................................. 58 077.6 8.813 
2 .................................. 147 412.6 85.472 
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