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Abstract:
The segregation-free iron powder JIPTM CleanmixTM 

ZERO reducing variation in weight of green parts in 
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irregularities correspond to this type. Type (2) is an 
undulation type, in which the weight varies with a long 
period. The above-mentioned individual variations take 
a form which is overlaid on these undulations. Type (3) 
is sudden, rapid variation of weight that occurs when 
pressing, which had been performed by continuous com-
paction, is stopped from some reason and then restarted. 
Normally, the weight of the first part after pressing is 
resumed is large in comparison with that before the stop, 
and then gradually converges on the average weight as 
continuous compaction proceeds10ï12).

Regarding the undulating long-period variation of 
weight shown above as (2), with progress in press tech-
nology, these variations have been reduced by measur-
ing the weights of each part and feeding back this infor-
mation to the compaction conditions.

However, in the case of large, discontinuous varia-
tions of weight like those which occur before or after a 
press stop, there is no choice but to depend on a 
response based on the experience of the operator, or to 
reject the defective parts from this portion of operation. 
However, this reduces product yield. In the present 
research, a new segregation-free iron powder JIPTM 
CleanmixTM ZERO was developed to reduce defects of 
this type. This paper describes the advantages of this 
product and, in particular, reports the results of various 
experiments and discussion in connection with the fill-
ing property and discharging property of the new pow-
der.

2.	 Experiments

2.1	 Test	Materials

The test materials used in this study were Clean-
mixTM ZERO, in which 2% copper powder and 0.9% 
graphite powder as alloying powders were mixed with 
the atomized iron powder JIPTM 301A, and as a compari-
son material, conventional Cleanmix (hereinafter, ñcur-
rent productò), which was mixed with the same amounts 
of copper and graphite.

In addition, as general comparison materials, con-
ventional mixes of zinc stearate or ethylene bisstear-
amide (EBS) were prepared by mixing for 15 min with a 
V type mixer.

2.2	Evaluation	of	Mixed	Powders

2.2.1	 Powder	properties

Apparent density and flowability were measured 
with a 2.5 mmφ funnel and 25 cm3 cup in accordance 
with JIS Z 2504 and JIS Z 2502, respectively (JIS: Japa-
nese Industrial Standards). Each measurement was per-
formed 3 times, and the average value was obtained.

2.2.2	 Index	of	filling	characteristic

The following two types of evaluations were per-
formed for simple measurement of the flow and filling 
behavior from a filler shoe and feeder into a die cavity.
(1) Hopper Test2)

As shown in Fig.	2, a specified amount of iron pow-
der was introduced in a specified shape into an acryl 
container, after which the 2.5 mmφ discharge hole 
(orifice) was opened and the powder was discharged. 
A powder with excellent flowability and filling prop-
erty begins to discharge simply upon opening of the 
orifice, the cave in the powder layer spreads as dis-
charge proceeds, and finally, discharge stops when 
the cave reaches the top of the powder layer. On the 
other hand, a powder with inferior flowability and 
filling property does not discharge when the orifice is 
opened. At this time, discharge is encouraged by tap-
ping the top of the container with a certain force. 
After the first tap, the cave in the powder layer does 
not spread or spreads only slightly, and discharge 
stops. In this case, tapping is performed again and is 
repeated until the cave penetrates through the top of 
the powder layer. The flowability and filling property 
of a powder can be judged to be inferior as the num-
ber of taps increases, and the flowability and filling 
property can be judged to be superior as the width of 
the aperture at the top of the powder layer becomes 
wider.

(2) Adhesion of Particles
The flowability and filling property of a powder is 
thought to be influenced by the interfacial interaction 
between the particles. Here, the cohesion and angle 
of internal friction between particles were measured 
by performing a shear failure test of the powder layer 
using a powder bed tester (PTHN-13BA; Manufac-
tured by Sankyo Pio-Tech Co., Ltd.).
Figure	3 shows a schematic diagram of the shear 
test. The powder which is to be measured is formed 
into a powder bed with the thickness of 3 mm on the 
fixed plate, and preliminary pressing at 6.9 kPa is 
performed. Next, a weight of the specified weight is 

Fig. 2 Discharge test from hopper
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placed on the powder bed, and this moving plate is 
moved horizontally at the speed of 20 mm/min by 
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fied. This may be due to the fact that the volume ratio of 
the filler shoe and cavity ((Volume of filler shoe) / (Vol-
ume of cavity)) was approximately 70 in continuous 
compaction, but was small in the filling experiment, 
being approximately 6; as a result, the effect of replace-
ment (transfer) of powder described previously was 
small in continuous compaction, and the difference in 
variation of weight was also less remarkable by a corre-
sponding amount. It is thought that the variation of 
weight of individual parts during continuous compaction 
can also be reduced in comparison with the current 
product.

4.	 Conclusion

In order to investigate the powder properties and 
variation of weight during compaction of CleanmixTM 
ZERO for high density compaction, its behavior was 
observed from various angles, and the following new 
knowledge was obtained.
(1) Regarding powder properties, Cleanmix ZERO has 

large apparent density and excellent flowability.
(2) In the hopper test, which is an index of the filling 

characteristic, Cleanmix ZERO displayed an 
extremely high discharging property and the width of 
the aperture after discharging was also large, sug-
gesting that this product has an excellent filling prop-
erty.

(3) In the powder layer shear examination, Cleanmix 
ZERO displayed small adhesion. Based on this, 
Cleanmix ZERO is considered to show a high dis-
charging property and filling property.

(4) The weight change rate of Cleanmix ZERO after 
compaction stop and restart in continuous compac-
tion was also found to be small in comparison with 
the conventional Cleanmix product.

(5) The high filling property of Cleanmix ZERO could 
also be confirmed in a filling test, and it was sug-
gested that the internal density distribution within 
one part could also be reduced.
By using Cleanmix ZERO, it considered possible not 

only to reduce variations of weight between green parts 
during compaction, but also to reduce the internal den-
sity distribution in individual parts. Taking advantage of 
this feature, application of Cleanmix ZERO to mass pro-
duction of hard-to-form parts, which could not be mass-
produced in the past because the powder did not fill the 
die uniformly, is expected.
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