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Influence of Lubricants on Fe-Si Powder Forming

Shigekazu Ito and Tomohisa Hironaka

Synopsis

Powder forming is suitable for production of complex shape parts. In general, density in powder forming does not reach true
density even after sintering. Because powder forming itself is difficult to make the density fully increase. In order to increase it,
improvement of powder formability and die lubrication are ones of the most effective methods. The typical soft magnetic Fe-Si
powder is used widely for various electric devices. Especially, insulation coated Fe-Si powder shows superior properties in core
loss and so on. However, it is difficult to get high density of Fe-Si powder cores because of the poor formability. To increase density
of Fe-Si powder cores, die lubrication improvement is the only effective method. In this paper, we carried out investigation of

various lubricants.
The obtained results are as follows.

1) The ejection load of water-soluble wax was the lowest in comparison with that of other typical lubricants. It was able to reduce a

risk of galling.

2) Radial crushing strength and core loss of a Fe-Si powder core using water-soluble wax were on the same level as those using

stearic acid zinc or lithium stearate. The water-soluble wax can be used as a lubricant for dies of powder magnetic core forming.
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Fig.1. SEM Photograph of Fe-3mass%Si powder.

Table 1. Lubricants used for test.

No. Type Principal ingredient

Lub. A | Adhesion Zinc stearate

Lub. B | Adhesion Lithium stearate

Lub. C | Aqueous Phosphoric acid

Lub. D | Aqueous Boric acid

Lub. E | Aqueous | Organosulfur compoud

Lub. F | Aqueous Wax

Lub. G Oily Synthetic fat

Lub. H Oily Phosphorous
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Fig.2. Schematic illustration of ring forming test.
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Fig.3. Photograph of dies in ring forming test.
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(a) Top view

Fig.5. Schematic illustration of radial
crushing strength test.
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Fig.6. Influence of lubricants on density and relative
density at die temperature 338 K.
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Fig.8. Influence of lubricants on density and relative
density at die temperature 378 K.
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Fig.7. Influence of lubricants on ejection load at die
temperature 338 K.
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Fig.9. Influence of lubricants on ejection load at die
temperature 378 K.
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Fig.10. Influence of lubricants on radial crushing
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Fig.11. Influence of lubricants on core loss properties at
10 kHz.
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