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Effects of Compaction Temperature and Surface Pressure on

Compaction Behavior of Fe-Si Based Metal Powder

Tomoki TSUJI, Shigekazu ITO and Takuma OKAJIMA

Synopsis

Recently, the technology of using hard metal powder such as Fe-6.5Si for high performance electric devices and reactor cores
is developing. The compaction body needs high relative density in order to satisfy requirements for high strength and magnetic
properties. However, it was difficult to achieve a high-density compaction body using the conventional compaction method at room

temperature. In this study, the influence of compaction temperature and surface pressure on relative density was investigated. As

the result, the higher the compaction temperature was, the higher the relative density was. In addition, it was confirmed that the
area of voids was reduced with plastic deformation of metal particles after progress of rearrangement of particles in the condition

of high surface pressure.
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Table 1. Materials for compaction test.

Material Atomization Classification
Fe-6.5Si Modified Water D=145 um
Fe-3.0Si Gas 63 UM=D=106 um
Fe-5.5Si Gas 63 UM=D=106 um
Fe-6.5Si Gas 63 HM=D=106 um

Fig. 1. Optical microscope photographs of metal powder
of cross section,
(a) Fe-6.5Si modified water atomization powder,
(b) Fe-3.0Si, (c) Fe-5.5Si, (d) Fe-6.5Si gas

atomization powder.
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Fig. 2. Compaction die appearance photograph.

Table 2. Test conditions of Fe-6.5Si modified water

atomization powder.

Die temperature | Surface pressure

Material (C) (MPa)
Fe-6.5Si R.T. 800, 1000, 1300
modified
water 500
atomization 300, 600, 900
powder 550
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Table 3. Test conditions of Fe-3.0Si, 5.5Si, 6.5Si gas

atomization powder.

Material Die ter(rggc)erature Surfat(:&g;gssure
Fe-3.0Si, 500
5.5Si, 6.5Si
gas atomized 300, 600, 900
powder 550
Press
' 1000
L S 800 |
£ : S
g :
| < 400
v i %
1 ¢ 200 ¢
®15 mm 0
Edge constraint RT  500°c 525°C 550°C

compression test Heating temperature (°C)

Fig. 3. Yield strength of Fe-6.5Si bulk material.
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Fig. 4. Press motion of compacting test.

Table 4. Procedure of warm compaction test.

No. Operations

1 |Heating die to warm temperature.

2 |Potting metal powder into die.

3 Inserting upper punch into die and heating at
specified temperature (over 7 minutes).

4 Compaction while maintaining surface pressure
for 60 seconds.

5 Unloading, and pushing down die with push pin,
then taking out green body from die.

Fig. 5. Compaction metal powder ring.
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Table 5. True density of Fe-Si powders.

Material True density (g/cm3)|
Fe3.0Si 7.69
Fe-5.5Si 7.56
Fe-6.5Si 7.49
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Fig. 6. Optical microscope photographs of cross section,
(a) Full field, (b) Local field.

Fig. 7. Measurement of aspect ratio of particle after

compaction.
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Fig. 8. Relative density of compacted Fe-6.5Si modified
water atomization powder ring by warm
compaction at processing temperatures of 500 °C,
550 °C and room temperature.
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Fig. 9. Cross section of compacted Fe-6.5Si ring by warm
compaction at processing temperature 500 °C,
(a) Surface pressure 300 MPa,
(b) Surface pressure 600 MPa.
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Fig. 10. Filling rate of compacted Fe-6.5Si ring by warm
compaction at processing temperatures of 500 °C

and 550 °C.
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Fig. 11. Average aspect ratio of compacted Fe-6.5Si ring
by warm compaction at processing temperatures
of 500 °C and 550 °C.
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Fig. 12. Relative density of compaction various Fe-Si
powder at 550 °C.
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Fig. 13. Cross section of compacted Fe-Si rings.

(@) m300MPa (D) ™300 MPa
100 600MPa - 600 MPa
~99 —~99 t
S S
2 98 298 t
c ©
2o7 297 ¢ J J
i [
9% 96 T
Ll i
95
T @ ® @ ® ®
(c) w300 mPa (d)
100 600 MPa
g9 | ®© @ 3
S
g% @ B @
27t
E L
9% @ ® O
95 -
@ ©) Measurement point

Fig. 14. Filling rate of gas atomization Fe-3.0Si ring,
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Fig. 15. Schema of metal powder densification.
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