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Figure 1 magnetic moments dependence on rare earth elements for
R(Fe,M);, magnetic alloys.
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Table 1 Magnetisms of Fe based R(Fe,M),, intermetallic compounds

B S (1)) A (1) (%) N, X X
NdFe,,Ti 21.27-16.8 21.27 0 0 10 1
SmFe, | Ti 20.09-16.97 18.714 0 0 10 1
GdFe, | Ti 12.46-12.5 13.6 9.0 0.1 10 1
TbFe,, Ti 9.7-10.6 11.6 14.3 0.1 10 1
DyFe,Ti 9.7-11.3 10.6 6 0.1 10 1
HoFe,Ti 9.58 10.6 10.6 0.1 10 1
ErFe, Ti 9.2-12.4 11.6 7.4 0.1 10 1
TmPFe,,Ti 9.2 9.6 4.3 0.1 9 2
LuFe,,Ti 9.2-15.7 14 12.4 0 9 2
YFe,,Ti 19.0-16.6 18 1.1 0 10 1

ErysSm sFe; Ti 14.5-14.8 16 9.2 0.1 10 1
CeFeos5Vis 15.67 17 8.5 0 10 1
NdFe oV, 18.07 17.87 1.1 0.10 8 2
GdFe,V, 8.93 9 0.8 0 9 1
TbFe oV, 7.92 7 11.6 0 9 1
DyFe,V, 6.66 6 9.9 0 9 1
HoFe,V, 6.35 6 5.5 0 9 1
Er Fe oV, 8.37 8.3 0.8 0.05 9 1
TmFe,,V, 11.17 11.6 3.8 0.1 9 1
Lu FeyV, 15.49 16 3.2 0 9 1
YFe05Vis 16.33 17 4.1 0 9.5 1
NdFe (Mo, 16.4 16.57 1.0 0.05 8 2
SmFe (Mo, 15.2 15.31 0.6 0.10 8 2
GdFe (Mo, 9.79 10 2.1 0.2 8 2
TbFe (Mo, 4.9 5.5 12.2 0.1 8 2
DyFe (Mo, 4.4 4.5 2.2 0.1 8 2
HoFe (Mo, 3.5 14.2 0 8 2
ErFe o Mo, 3.6 3 16.6 0 8 2
TmFe (Mo, 5.5 9.0 0 8 2
Lu Fe (Mo, 10.6 12 13.2 0 8 2
YFe osMo, 13.0 12 7.7 0 8 2
SmFesAl, 5.1 5.2 1.9 0.1 3 2
GdFesAl; 0.4 0.46 15 0.21 3 2
TbFesAl, 0.6 0.54 10 0.29 3 2
DyFesAl; 1.8 1.8 0 0.30 3 2
HoFesAl; 2.3 2.32 0.8 0.32 3 2
ErFesAl; 1.7 1.58 7.1 0.33 3 2
TmFesAp 0.5 0.46 8.0 0.21 3 2
YbFesAl, 3.6 3.3 8.3 0.05 4 1
LuFesAl; 5.4 6 11 0 4 1

) Ry(Fe,M) 0N, [ L IF 90 2 W L 45 #3830 4k
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Table 2 Magnetisms of Fe based R3(Fe,M),o intermetallic compounds and their nitrides

LRy I AE () A () (%) N x5 x5
Y;sFe»14Vie 38.6-49.6 38.8 12 0 23.4 4
CesFey75Vi s 32.8-50.5 4542 9.1 0 23.5 4
NdsFe»70Vao 46.8-54.7 47.82 4.6 0 23 4
SmsFey 7 Va3 33.8-42.7 39.54 3.3 0 22.7 4
GdsFex4Vos 34.7-33.6 35.8 4.8 0 28.4 0
TbsFexsoVio 26.7-25.2 29 11.9 0 28 0
DysFe»7Vis 24.7-22.7 25.4 1.4 0 27.7 0

Y;Fe74Vi6Ny 50.0-50.9 50.8 0.7 0 26.4 1
CesFey75V 5Ny 55.6-57.9 56.82 0.1 0 26.5 1
Nd;Fe»7oVa 0Ny 62.0-61.0 59.82 2.7 0 26 1
Sm;sFeys7Va3Ny 51.4-44.7 51.54 7.3 0 25.7 1
GdsFe 54V Ny 47.8-43.3 46.6 2.3 0.15 28.4 0
TbsFeys0Vi0Ny 48.9-34.4 39.8 4.4 0.15 28 0
DysFe 77Vi3Ny 49.7-31.8 36.2 11.2 0.15 27.7 0

Rs(Fe,M)xN,

—— x=4iBISKEE
o x=4INNItEE
e X =005 I STIE
A x=0fNBHEE

Y Ce Nd Sm Gd Tb Dy
R (#%L)

B 2 Ri(Fe, M)y tiMtE&EhH T tET UL
Figure 2 magnetic moments dependence on rare earth elements for
Ri(Fe,M),9 magnetic alloys.
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Table 3 Magnetisms of Fe based R,(Fe,M);; intermetallic compounds

e 23 () A () I (%) N X N
Ce,Fe; 28.8-30.6 29.48 0.7 0.1 14 3
Pr,Fe; 30.6 322 5.2 0.1 14 3
Nd,Fe;; 30.0 32.34 7.8 0.1 14 3
Gd,Fe; 21-21.5 21.7 2.1 0.15 16 1
Tb,Fe;; 17-18.8 17.7 1.1 0.15 16 1
Dy,Fe,; 15.4-17.0 15.7 3.1 0.15 16 1
Ho,Fe,; 14.8 15.7 6.1 0.15 16 1
Er,Fe,; 16.2-18 17.7 35 0.15 16 1
Yb,Fe; 25.6 25.8 0.8 0.1 16 1
Lu,Fe;; 33.8-34.7 33.8 1.3 0.1 16 1
Y,Fe,; 30.0-34.7 33.8 4.5 0.1 16 1
% 4 Fe & RyFe,C B S HIRYHLTE

Table 4 Magnetisms of Fe based R,Fe,;C intermetallic compounds
ZHOEN 260 (L ()™ ST A () BFE(%) Ny, Xt X
Ce,Fe,C 32.8 30.28 7.7 0 15 2
Pr,Fe,C 32.8 324 1.2 0 15 2
Nd,Fe;,C 40.6 40.55 1.2 0 17 0
Sm,Fe,C 34.0 35.43 4.2 0 17 0
Sm,Fe;,C,, 34.0 35.43 4.2 0 17 0
Gd,Fe,C 23.6 24 1.7 0.1 17 0
Tb,Fe;,C 19.0 20 53 0.1 17 0
Dy,Fe;,C 17.0 18 5.9 0.1 17 0
Ho,Fe,C 17.4 18 34 0.1 17 0
Er,Fe,C 18.8 20 6.4 0.1 17 0
Tm,Fe,;C 24 .4 24 1.6 0.1 17 0
Lu,Fe;,C 352 34 34 0 17 0
Y,Fe;,C 355 34 4.2 17 0

%5 Fe £ R,FepN, B L& WRIHLE

Table 5 Magnetisms of Fe based R,Fe 7N, intermetallic compounds
SR St )" A () (%) Ny e .
Ce,Fe 7N, g 36.4 34.28 5.8 0 16 1
PryFe7Ny s 37.9 36.4 4.0 0 16 1
Nd,Fe 7N 40.5 40.51 0.2 0 17 0
Sm,Fe 7N, 3 319 35.43 11.1 0 17 0
Gd,Fe 7N, 4 26.7 26.42 1.0 0.15 17 0
Tb,Fe 7N, 5 22.3 22.39 0.4 0.15 17 0
Dy,Fe7Nag 27.1 27.08 0.7 0.3 17 0
Ho,Fe7N; o 27.2 27.2 0 0.3 17 0
EnFe 7N, 31.7 31.19 1.6 0.35 17 0
Tm,Fe 7N, 7 325 33.02 1.6 0.3 17 0
Lu,Fe 7N, 7 352 34 34 0 17 0
Y,Fe 7N, 6 342 34 5.8 0 17 0
Y,Fe7CN, 4 34.0 34 0 0 17 0
Sm,Fe;C; N 354 34 4.0 0 17 0
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Table 6 Ferrimagnetisms: anti-parallel pairs of electrons
1:5 1.7 R,Fe 4B 2:17 2:17 Bk 2:17 WA 3:29 3:29 BE 1:12
Mt 0 0 0 0 2/0 1/0 4 1 1
T 0 0 0 0 0 0 0 0 12
£7 N, ERRABLEE RN HER
Table 7 Distributions of NS'p in various rare earths
1:5 1.7 R,Fe 4B 2:17 2:17 Bk 2:17 R 3:29 3:29 BHE 1:12
B+t 0.15-0.2 0.15 0.1 0.1-0.25 0 0 0 0 0
YW 0.2-0.4 0.35 0.1 0.25-0.3 0.1 0.1-0.3 0 0.15 0.1
PE. A FH R HH S < e 380 VK P TR 99 1k
40+

. 30
g —&— R,Fe,SH{E
o RFe, t&E
20t —8— R,Fe,,CXX%E
o RFe,Cit&EE
—A— R,Fe,;N,550(E
10 A RFe N, it8IE

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Ce Pr Nd SmSmGd Tb Dy Ho Er Tm Lu Y
R(#L)

3 RyFe, #Mt & EMH L T R T RIREE i 2k

Figure 3 magnetic moments dependence on rare earth elements for
R,(Fe,M);7 magnetic alloys.
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Magnetisms of R3;(Fe,M),o and R(Fe,M), pseudobinary
intermetallics

YU Fangling, MENG ZhenHua, LIU HanYuan, MEI Jian & GUO YongQuan"

School of Energy Power and Mechanical Engineering, North China Electric Power University, Beijing 102206, China

The rare earth-iron based 3:29 and 1:12 type intermetallic compounds have the potential application as novel
permanent magnetic materials due to their hard magnetic properties at room temperature. The study on the magnetism
of these intermetallic compounds is beneficial for the research and development of their applications as novel rare
earth permanent magnetic materials. In this study, the traditional magnetic valence model has been developed for
extending its application from the strong magnetic alloys and intermetallic compounds to the weak magnetic systems
with ferrimagnetic order. The developed magnetic valence model has been used to investigate the magnetisms of
RFe;; M,, RsFeyo M, and R,Fe;; M, (R=rare earth; M= the doped metals such as Ti, Mo, V, etc) and their
carbonates and nitrides. The theoretical calculations agree with the experiments well. The study shows that the
magnetic moments of these kinds of rare earth iron based intermetallic compounds are related to the magnetisms of
the rare earths in these intermetallic compounds. The weak magnetism in these intermetallics originates from the
existence of some ferrimagnetic order pairs in the unit cell. The nitrogenation and carbonation process might induce
the ferrimagnetic order pairs transiting to the ferromagnetic order pairs, and increase their moments. The
contributions to the magnetic moments of the electrons in conducting band are related to the polarization of heavy
rare earth and the capture abilities of carbon and nitrogen atoms to electrons. The developed magnetic valence model
can predict the magnetic moments as long as the structural formula is known.

magnetic valence model, ferromagnetic order, rare earth intermetallics
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