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1-v-x-2yFe LU Zr VAC ),

Compositions of 16 Original Alloys Sm(Co

No. v X y z

1 0.27 0.07 0.015 7.0
2 0.27 0.07 0.030 7.0
3 0.27 0.05 0.015 7.0
- 0.27 0.05 0.030 7.0
5 A ¥ 0.07 0.015 7.0
6 0.33 0.07 0.030 7.0
7 0.33 0.05 0.015 ¥l
8 0.33 0.05 0.030 A
9 02T 0.07 0.015 9.5
10 0.27 0.07 0.030 9.5
11 0.27 0.05 0.015 9.5
12 0.27 0.05 0.030 9.5
13 0.33 0.07 0.015 9.5
14 0.33 0.07 0.030 -5
15 0.33 0.05 0.015 9.5
16 0.33 0.05 0.030 9.5
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Figure 5. Schematic illustration of compositions of magnet alloys.
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An Example of a Computer Print-Out

Enter Fe content, v = 0.31

0.051

Enter Cu content, x
Enter Z2r content, v = 0.02
Enter z value, z = 7.88

Enter the weight (gram) of the target alloy, w = 100

Sm ¢(Co .599 Fe .31 Cu .051 2r .02 WVAC .02) 7.88

Sm (Co .é612 Fe .316 Cu .052 2r .02) 7.722

Atomic percent :
Sm 11.445 Co 54.115 Fe 28.00& Cu 4.407 Zr 1.807
Weight percent :

Sm 24.843 Co 45.985 Fe 22.553 Cu 4,222 Zr 2.377

Alloy number Weight (Total 100 o
7511 11.524
75491 13.484
7111 - 2.038
1511 13.5%2
7512 14.834
7542 19.704
7112 2.974

1512 19.851
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Magnet T, 25<C 300=C 400=C 500=C 600=C
Type - (o C) MHC (BH)max MHC (BH)max MHC (BH)max MHC (BH)max MHC (BH)max
[kOe] [MGOe] [kOe] [MGOe] [kOe] [MGOe] [kOe] [MGOe] [kOe] [MGOe]
A* 250 25 31.5 8.1 23.7 3.4 13.8 1.5 5.9 0.7 2.3
B* 330 33 27.5 11.6 21.0 5.4 16.7 2.9 8.7 1.2 3.5
C 400 34 24.6 14.6 18.8 8.8 16.5 4.7 12.5 2.1 5.6
D 500 29 20.8 16.7 15.6 12.4 13.2 7.3 10.4 3.6 6.8
E 550 25 16.4 17.0 12.0 13.2 9.9 8.8 7.6 4.7 5.2

* The best high temperature magnets prior to this project work.
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Compound | 4zM; (kG) Tc (°C) Ha (kOe) Ref.
Ce,Coy7 11.5 790 Very small [1]
Pr,Coy; 13.8 880 Very small [1]
Nd,Co1; 13.9 890 Very small [1]
Sm,Coyy 12.5 920 65 [1]
Er,Coy; 11.1 920 31 [1,2]
Tm,Coy7 12.1 910 17 [1,3]
Yb,Co47 13.6 Unknown Unknown [1,4]
Lu,Coy; 14.0 930 Unknown [1,4]

K.J. Strnat, “Rare earth-Cobalt Permanent Magnets,” Ferromagnetic Materials, vol. 4, 147-154, Elsevier Science Publishers B.V. (1988).
K.S.V.L. Narasimhan, “Magnetic Anisotropy of Fe, Mn, and Ni Substituted Er2Co17 Ternaries, EEE Trans. Magn. 12, 1009 (1976).
K.S.V.L. Narasimhan, W.E. Wallace, and R.D. Hutchens, “Magnetization studies on Tm2Fel7-xCox and Tm2Fel7-xAlx compounds,”
IEEE Trans. Magn. 10, 729 (1974).

K.S.V.L. Narasimhan and W.E. Wallace, “Magnetic anisotropy of substituted R2Co17 compounds (R = Nd, Sm, Er, and Yb),”

IEEE Trans. Magn. 13, 1333 (1977).
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1 & 2. K.S.V.L. Narasimhan, W.E. Wallace, and R.D. Hutchens, “Magnetization studies on Tm2Fe17-xCox and Tm2Fel7-xAlx compounds,”
IEEE Trans. Magn. 10, 729 (1974).

3.  S. Liu, “Recent Developments in High-Temperature Permanent Magnet Materials,” to be published.



Tm,(Co,Fe),, HI7E 7]

ypmy T " Theoretica | Achievable
Temperature s C A I (BH)...,
(<0 (kG) (<C)|  (kOe) (BH),.. (MGOe)*
(MGOe)

20 14.2 38 50.4 45.4

300 15.0 ? 56.3 50.6

400 14.8 880 ? 54.8 49.3

450 14.6 ? 53.3 48.0

500 14.3 ? 51.1 46.0

*Assuming sufficiently high coercivity and good grain alignment can be developed
and the achievable (BH).... = 90% of theoretical (BH)

max max*
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Lattice constant (A) Magnetocrystalline
Compound Crystal a C ca | v(&) anisotropy
structure
Tm,Coy; Hexagonal 8.336 8.090 0.970 | 486.85 uniaxial
Tmy(CopesFeocs)i7 | Hexagonal 8.328 8.160 | 0.980 | 490.12 uniaxial
Lu,Coy7 Hexagonal 8.297 8.098 0.976 | 482.78 | easy basal plane
Lu,(CoggsFeq.05)17 Hexagonal 8.312 8.152 | 0.981 | 487.76 uniaxial
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