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Abstract

Dimensional change of compact made from (Fe-Cu) prealloyed powder and copper powder compared to that of compact
made from iron-copper elemental powder. The compact made from the prealloyed powder with a copper content of
7.18mass% which is nearly equal to its solution limit and copper powder showed only the large contraction in spite of
penetration of liquid copper into grain boundary of the prealloyed powder. But the compact made from iron-copper
elemental powder showed the large expansion in spite of same chemical composition with former case.
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1. Introduction

In many case sintered compacts showed the shrinkage by
sintering progress, but the compact made from iron-copper
elemental powder mixture showed a large amount of ex-
pansion at the temperatures above copper melting point in
the sintering process. This expansion which was called as
“copper growth” or “abnormal expansion” has been studied
for many years' * | and its mechanism is mainly explained
by the penetration theory that is based on penetration of
liquid copper into iron grain boundaries”, but is not yet well
understood.

In order to study the mechanism of expansion of iron-copper
compacts during sintering process, we investigated the
dimensional change of iron-copper compacts made from
(Fe-Cu) prealloyed powder with copper content of 3.44mass%
and 7.18mass%, and compared the results with that of the
compacts made from iron-copper elemental powder mixture
which is conventional method. The change of microstructures
of iron-copper compacts in sintering process was also
investigated.

2. Experimental and Results

As the main raw powders, water atomized pure iron
powder (Kawasaki Steel Co., KIP300A) and water atomized
iron-copper prealloyed powders [Fukuda Metal Foil and
Powder Co., (Fe-3.44Cu) and (Fe-7.18Cu)] with copper
content of 3.44mass% and 7.18mass%, and as the additive
powder, electrolytic copper powder (Fukuda Metal Foil and
Powder Co., CE 8) were used. The particle size of pure iron
and prealloyed powders was -100mesh and that of additive
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copper powder was -150/4200mesh. The raw powders were
mixed for 30 minutes to make homogenous mixtures with
chemical composition as shown in Table 1. The mixtures
were compacted respectively into cylinder shape (12x5mm)
and rectangular shape (5x5x30mm) with a density ratio of
about 80% by the pressure of 290~590MPa. The pure iron
powder was also compacted under the same compacting
condition to compare the dimensional change with those of
iron-copper compacts. The specimens were heated up to
1150 C with a rate of 10C/min followed by holding at
1150C for 60min and cooled down to room temperature
with a rate of 20 ‘C/min. Sintering was conducted under the
flow of hydrogen with the dew-point of about -20C and
the flow rate was about 0.7liter/min. Dimensional change,
dilatometric curve and microstructures of compact were
examined.

Table 1. Mixing condition of raw powders

Mixing condition
Chemical Elementary
composition powder Prealloyed powder method
(mass%) method
Fe (Fe-3.44Cu) (Fe-7.18Cu)
(Fe-3.44Cu)-0.5
o - 0, -
Fe-4.00Cu Fe-4.00%Cu 6%Cu
(Fe-3.44Cu)-4.0 | (Fe-7.18Cu)-0.2
_ = 0,
Fe-7.44Cu Fe-7.44%Cu 0%Cu 6%Cu
(Fe-3.44Cu)-8.4 | (Fe-7.18Cu)-4.7
- - 0,
Fe-11.88Cu Fe-11.88%Cu 4%Cu 0%Cu
(Fe-3.44Cu)-11. | (Fe-7.18Cu)-8.0
- - 0,
Fe-15.18Cu | Fe-15.18%Cu 74%Cu 0%Cu

One of the results is shown in Fig 1. In dimensional
change of compacts made from only main raw powders
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without addition of copper powder, pure iron powder
(KIP-300A) showed the shrinkage of about 0.25%, but that
of  (Fe-3.44Cu) prealloyed powder showed the large
shrinkage of about 1.0% which was nearly equal to that of
(Fe-7.18Cu) prealloyed powder. The compacts made from
the prealloyed powders shrank larger than that from pure
iron powder under same compacting and sintering
conditions, it seems to be mainly due to difference of the
particle size distribution as shown in Fig. 2. The prealloyed
powder have much more distribution in the range under
350mesh than pure iron powder. Therefore, the compacts
made from finer prealloyed powders shrank more than that
from coarser pure iron powder.
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Fig. 1. Effect of copper powder content on dimensional change
of compacts made from pure iron powder and from prealloyed
powders of (Fe-3.44Cu) and (Fe-7.18Cu), sintered for 60min at
1150°C.

On the other hand, the compact from a mixture of iron-
copper elemental powder showed large expansion, and the
expansion tendency increased with the increasing of copper
powder content up to about 7.4mass%, but became to
decrease slightly at the copper powder content above it.
Compare with this, the compacts from a mixture of
prealloyed powder and copper powder showed the different
tendency. The compact from (Fe-3.44Cu) prealloyed
powder and copper powder mixture was also expanded with
the increasing of copper powder content up to about
4.0mass%, at which showed the maximum expansion, and
its maximum expansion became to decrease slightly at the
copper powder content above it. But the compact from
(Fe-7.18Cu) prealloyed powder and copper powder mixture
only contracted with the increasing of copper powder
content. Like these the dimensional change of iron-copper
compacts showed very different behavior, according as iron
raw powder be contained the copper or not, in the spite of
the same addition content of copper powder. Such
difference in the dimensional change is due to
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Fig. 2. Comparison of particle size distribution of pure iron
powder and prealloyed powders of (Fe-3.44Cu) and (Fe.7.18Cu)
as the main raw powder.

be different diffusion of copper into the main raw powder
such as pure iron, prealloyed powder of (Fe-3.44Cu) and
(Fe-7.18Cu) in sintering process.

3. Summary

Dimensioal change of iron-copper compact showed
very different behavior, according as copper content in
iron raw powder. The compact made from (Fe-Cu)
prealloyed powder and copper powder showed the large
contraction by progress of liquid phase sintering, but the
compact made from iron-copper elemental powder showed
the large expansion by diffusion of copper into iron
powder.
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