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A method for compacting powders for powder metallurgy 
comprises packing poWders for poWder metallurgy formu 
lated With a lubricant in a compacting die applied With a 
lubricant on inner Wall surfaces thereof, and subjecting the 
poWders to Warm or hot compaction. The poWders contain 
the lubricant in an amount up to 0.2 Wt %, non-inclusive of 
0%, based on the total of the poWders and the lubricant. 
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METHOD FOR COMPACTION OF POWDERS FOR 
POWDER METALLURGY 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates to a method for the compac 
tion of powders for powder metallurgy. 

[0003] 2. Description of the Prior Art 

[0004] In order to enhance mechanical and magnetic char 
acteristics of compacted products obtained by poWder met 
allurgy, it is effective to increase the density as high as 
possible. To this end, it is important to obtain a green 
density, Which is as high as possible, at a compacting stage 
prior to sintering. 

[0005] Accordingly, there have been adopted methods of 
promoting compaction of poWders for poWder metallurgy to 
Which vibrations are applied at a compacting stage (see, for 
example, Japanese Patent Publication Nos. Hei 3-25278, 
Sho 41-6549, Sho 54-14781, Sho 54-41525 and the like). 

[0006] HoWever, these knoWn vibration compactions are a 
method Which has the primary object of promoting rear 
rangement of poWders for poWder metallurgy. This method 
may be effective in the case Where compaction is performed 
at loW pressure such as for tile or pottery poWders, but is not 
alWays a satisfactory one When applied to a ?eld Where 
poWders such as iron poWders are subjected to plastic 
deformation at a high compression or compaction pressure 
and thus, are compacted. 

[0007] In conventional poWder metallurgy, a lubricant is 
pre-mixed With poWders to be compacted to increase the 
?uidity of the poWders so as to reduce the mutual friction 
betWeen the poWders and the friction betWeen the poWder 
and a compacting die or mold. The use of a lubricant is 
mainly for the purposes of reducing a friction caused on 
ejection of a green compact from the die and preventing the 
die from galling. 

[0008] The formulating amount of a lubricant is generally 
in the range of from 0.2 to 10 Wt % based on the poWders 
to be sintered (see, for example, Japanese Laid-open Patent 
Application No. Hei 2-156002). In Metal PoWder Report, 
Vol. 42, No. 11, pp. 781-786 (1987), it is stated that a 
maximum compaction density is obtained When the amount 
of a lubricant is at 0.5%. In currently employed instances, 
the amount is, in most cases, in the range of 0.5 to 1.0 Wt %. 

[0009] In this connection, hoWever, if a compacting pres 
sure is increased so as to increase a green density, a lubricant 
is ?lled in voids or spaces among starting poWders to impede 
the increase of the density, thus placing the inevitable 
limitation on high density compaction. Nevertheless, if the 
amount of a lubricant is reduced, a great friction is brought 
betWeen the poWders and the compaction die, With the 
attendant problem that high density compaction is disen 
abled along With a loWering in life of the compaction die. 

[0010] On the other hand, it is Well knoWn that When a 
lubricant is applied onto the inner Wall surfaces of a com 
paction die, the friction betWeen the poWders and the die is 
reduced. HoWever, because any lubricant is not formulated 
in starting poWders, the poWders degrade in ?uidity and 
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packing property. Thus, it is dif?cult to obtain a high density 
green compact When compacted at high pressure. 

[0011] Furthermore, US. Pat. No. 4,955(5),798 discloses 
press compaction by heating starting poWders at a tempera 
ture not higher than the melting point of a lubricant (usually, 
at approximately 70° C. to 120° C.) in order to increase the 
density of a green compact. In Japanese Laid-open Patent 
Application No. Hei 5-271709, it is stated to carry out press 
compaction by heating to a temperature loWer than a tem 
perature at Which a lubricant is completely melted (particu 
larly, at temperatures of approximately 370° C. or beloW). 
These methods are both based on the ?nding that if a 
lubricant melts, the ?uidity of poWders loWers considerably. 

[0012] In this connection, hoWever, With an ordinarily 
employed amount of a lubricant, the lubricant remains 
Within the resultant green compact, and thus, such methods 
as mentioned above are not ones Which fundamentally 
ensure high density compaction. 

[0013] In Japanese Laid-open Patent Application No. Hei 
9-272901, there is proposed a method of increasing a green 
density Wherein lubricant-free poWders are used and a 
lubricant is applied onto the inner Wall surfaces of a com 
paction die, folloWed by heating the die to 150 to 400° C. 
and press compaction. HoWever, any lubricant is not for 
mulated in the starting poWders in this method With poor 
?uidity of the poWders. In addition, the poWders being 
compacted are unlikely to cause rearrangement, and a sat 
isfactory high density does not result. Moreover, because the 
effect of reducing the friction among the poWders cannot be 
obtained in this method, density irregularity is liable to occur 
inside the resultant green, thereby causing a dimensional 
variation after sintering. 

SUMMARY OF THE INVENTION 

[0014] It is accordingly an object of the invention to 
provide a method for the compaction of poWders for poWder 
metallurgy Which overcomes the problems of the prior art 
techniques discussed hereinbefore. 

[0015] It is another object of the invention to provide a 
method for the compaction of poWders for poWer metallurgy 
Which can overcome the problems on shortage in ?uidity of 
poWders at the time of compaction and also on the friction 
With a die so as to reliably obtain a green compact of high 
density. 

[0016] The above objects can be achieved, according to 
the invention, by a method for the compaction of poWders 
for poWder metallurgy, Which comprises packing poWders 
for poWder metallurgy formulated With a lubricant in a 
compacting die Whose inner Wall surfaces are applied With 
a lubricant, and subjecting the packed poWders to Warm or 
hot compaction Wherein the lubricant is present in the 
poWders in an amount of 0.2 Wt % or beloW (non-inclusive 
of 0 Wt %) based on the total of the poWders and the 
lubricant. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0017] We have made intensive studies from various 
angles in order to attain a high density of green compacts, 
and as a result, found that poWders for poWder metallurgy 
formulated With a lubricant are packed in a compaction die 
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applied With a lubricant on the inner Wall surfaces thereof 
and are subsequently subjected to Warm or hot compaction 
Wherein When the lubricant formulated in the poWders for 
poWder metallurgy is added to in a slightly reduced amount, 
the above objects can be successfully attained. The invention 
has been accomplished based on this ?nding. The preferred 
embodiments of the invention are described in detail. 

[0018] The term “poWders for poWder metallurgy” used 
herein generically means poWders Which are used for the 
manufacture of green compacts of desired forms by subject 
ing the poWders to press compaction to a required contour, 
folloWed by sintering, if necessary. Moreover, in the present 
speci?cation, those poWders, Which are formulated With 
lubricants and the like in order to reduce the friction betWeen 
a die and poWder and the mutual friction of the poWders, 
may also be called poWders for poWder metallurgy. 

[0019] Speci?c examples of the poWders include metallic 
poWders and ceramic poWders. In particular, the method of 
the invention is very effective When applied to metallic 
poWders Which undergo plastic deformation at the time of 
compaction. Most typical ones include pure ion poWders 
(including those iron poWders containing, as impurities, 
small amounts of C, Mn, Si, P, S, Cr, O, N and the like), alloy 
poWders to Which Ni, Mo, Mn, Cr, Si and other elements are 
purposely added in order to improve strength after sintering 
(eg those poWders of the pre-alloy type, diffusion type, 
hybrid type thereof and the like), or metallic poWders 
undergoing various surface treatments for improving char 
acteristics in magnetic ?elds, particularly, soft magnetic 
poWders. 
[0020] When alloy poWders are used, care should be paid 
to the fact that When the amounts of alloy elements are in 
excess, iron poWders become hardened to loWer compacting 
properties, thereby impeding high densi?cation as a poWder 
metallurgical product. 
[0021] Various types of alloying elements such as, for 
example, graphite, Cu, Ni, Mo and the like may be formu 
lated singly or in admixture of tWo or mores in order to 
enhance characteristic properties after sintering. Addition 
ally, composite poWders may also be used Wherein graphite 
or the like is deposited on individual iron poWders by use of 
a small amount of a binder. 

[0022] Further, the method of the invention may be effec 
tively applied to soft magnetic materials as set out in 
Japanese Patent No. 2710152. More particularly, When using 
soft magnetic poWders Which individually have, on the 
surface thereof, an insulating vitreous ?lm containing as its 
essential elements P, B, Mg and Fe, there can be attained a 
high green density With an improved balance of magnetic 
and mechanical characteristics. 

[0023] It is very important in the practice of the invention 
hoW the amount of a lubricant formulated in poWders for 
poWder metallurgy is determined. The reason Why the 
amount of a lubricant is determined is described beloW. 

[0024] In the Warm or hot compaction of such poWders as 
mentioned above, if a lubricant is present in the poWders in 
an amount exceeding 0.2 Wt %, not only the ?uidity of the 
poWders loWers as a Whole, but also it becomes dif?cult to 
increase the density of the resultant green compact by means 
of the lubricant contained inside the green compact. More 
over, in case Where the compacting temperature is increased 
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to the melting point or over of the lubricant and the amount 
of a lubricant is large, it takes a long time before the 
lubricant ooZes out to the surface a green at a compaction 
pressure, thus making it difficult to satisfactorily perform 
high density compaction at a compacting speed of a practical 
level. 

[0025] On the other hand, Where any lubricant is not 
formulated at all, any lubricant effect is not obtained at the 
time of compaction. In this condition, not only high densi 
?cation of a green compact is not attainable, but also density 
irregularities become great in the inside of the green com 
pact, thereby causing shrinkage of the green subjected to 
sintering to be locally non-uniform and thus bringing about 
an undesirable dimensional variation. 

[0026] For these reasons, the amount of a lubricant is 
de?ned in the practice of the invention to be up to 0.2 Wt %, 
non-inclusive of 0 Wt %. It is preferred from the standpoint 
of more improved high densi?cation of a green compact that 
the loWer limit of the amount of a lubricant is at 0.005 Wt %, 
more preferably at 0.01 Wt % and most preferably at 0.02 Wt 
%. A preferred upper limit is at 0.1 Wt %, more preferably 
at 0.06 Wt %. 

[0027] The kind of lubricant to be mixed With the poWders 
is not critical, and typical lubricants include metal salts of 
higher fatty acids such as stearic acid, Wax lubricants, and 
the like. These may be used singly or in combination. 

[0028] The kind of lubricant to be applied onto inner Wall 
surfaces of a die is not critical as Well. Examples include 
metal salts of higher fatty acids such as stearic acid, Wax 
lubricants, molybdenum disul?de lubricants, BN lubricants, 
graphite lubricants, and other ordinarily employed lubri 
cants. These may be used singly or in combination of tWo or 
more. With regard to either a lubricant added to poWders or 
a lubricant applied to die inner surfaces, an optimum lubri 
cant should preferably be selected depending on the Warm or 
hot compaction temperature. 

[0029] The manner of applying a lubricant onto the inner 
surfaces of a compaction die includes a method of deposi 
tion in a solid state, a method Wherein a lubricant is 
dissolved or dispersed in a solvent and is applied by a brush 
or sprayed, a method Where a lubricant is thermally melted 
and applied to, or the like. 

[0030] As for the compacting temperature, it is important 
to note that for the compaction, the poWders be heated to 
impart plastic deformability thereto in order to loW a defor 
mation resistance. To this end, the poWders may be pre 
heated to an appropriate temperature, or may be heated 
through heat transfer from a compaction die after packing in 
the die. HoWever, if the temperature of the compaction die 
is loW, the temperature of the poWders being compacted or 
pressed loWers, With a tendency toWard the loWering of 
compacting properties. Hence, it is preferred to keep the die 
temperature at an appropriate level. In an instance Where 
iron poWder, Which is typical of poWder for poWder metal 
lurgy, is used, an appropriate heating temperature for the 
compaction die is at 80° C. or over. If the temperature is 
loWer than 80° C., the deformation resistance of iron poWder 
is so high that a high density green compact is dif?cult to 
obtain. 

[0031] When the compacting temperature, Which is higher 
than the melting point (Tm) of a lubricant formulated in a 
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starting powder, is adopted, the lubricant is melted upon the 
compaction and ooZes out in the green surface. As a result, 
the lubricant is naturally removed through the voids among 
the starting poWders, and the ooZed lubricant acts to reduce 
the friction betWeen the compacting die and the poWders, 
thereby contributing to more improved densi?cation of a 
green compact. 

[0032] In the prior art techniques set out before, it is 
accepted as preferred from the standpoint of the enhance 
ment in ?uidity of poWders that the compacting temperature 
is beloW the melting point of a lubricant used. In the practice 
of the invention, the temperature should not eXceed a value 
of [Tm><3] Wherein Tm represents the melting point of a 
lubricant. This is because if the compacting temperature 
becomes too high, a lubricant undergoes too great thermal 
degradation, With the attendant problem that the lubricating 
effect is lost. 

[0033] Some types of lubricants may be decomposed or 
vaporiZed at temperatures of not higher than [Tm><3] or may 
be vaporiZed although not decomposed. In that case, any 
lubricating effect cannot be eXpected if lubricants are vapor 
iZed. Thus, it is necessary to control the temperature Within 
a range not causing the vaporiZation. 

[0034] The method of the invention is also effective With 
out involving any problem When tWo or more lubricants are 
formulated. In this case, it is as a matter of fact that some 
effects can be shoWn When the compacting temperature is 
not loWer than the melting point of at least one lubricant. 
However, in order to obtain a better effect, it is preferred to 
perform the compaction at a temperature higher than the 
melting points of all lubricants added in the practice of the 
invention. 

[0035] The heating method of a compacting die includes, 
aside from a method of heating With a heater from outside, 
a method of heating through the Joule heat by application of 
an electric current, a high frequency heating method, and an 
infrared heating method Without limitation. 

[0036] Because it takes, more or less, an appreciable time 
before the poWders packed in a compacting die are heated by 
means of the heated compacting die, it is effective to preheat 
the poWders to a predetermined temperature prior to packing 
of the poWders in the compacting die so as to complete the 
compaction Within a shorter time. In particular, preheating of 
the poWders to a level equal to or higher than the compacting 
temperature is also effective in shorting the time before the 
compaction. More particularly, preheating to the tempera 
ture, Which is not loWer than the melting point [Tm] of a 
formulated lubricant recommended as a preferred compact 
ing temperature, is favorable. HoWever, it should be noted 
that if the preheating temperature becomes too high, a 
lubricant undergoes excessive thermal degradation, thus 
presenting the problem that the lubricating effect is lost. 
Accordingly, the preheating temperature should not exceed 
a value of [Tm><3] Wherein Tm represents the melting point 
of a lubricant. 

[0037] Some types of lubricants may be decomposed or 
vaporiZed at temperatures of not higher than [Tm><3] or may 
be vaporiZed although not decomposed. In the case, any 
lubricating effect cannot be eXpected if lubricants are vapor 
iZed. Thus, it is necessary to control the temperature Within 
a range not causing the vaporiZation. Moreover, When the 
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preheating temperature is too high, the poWders may 
undergo oxidation and care should be paid to the control of 
an atmosphere. 

[0038] The compaction pressure is not particularly critical, 
and a preferred pressure is not loWer than 5 tons/cm2When 
iron poWders are used. In the case of the shortage of the 
compaction pressure, the plastic deformation of iron poW 
ders becomes unsatisfactory, making it difficult to increase a 
green density. It should be noted that an increase in density 
caused by application of a pressure is almost saturated at 15 
tons/cm2, and application of a higher compaction pressure is 
inconvenient from the economical standpoint or the stand 
point of equipment because a higher density cannot be 
almost eXpected. 

[0039] In addition to those set out hereinabove, more 
compactness or densi?cation can be eXpected When poWders 
are vibrated at the stage of compaction. For this purpose, any 
knoWn vibration compaction techniques as set out before 
may be used, and We have found that When vibration 
conditions are more precisely controlled, the effect of this 
technique becomes more remarkable. 

[0040] More particularly, a better effect is obtained When 
the amplitude of vibrations given at the time of compaction 
is appropriately controlled. In order to reduce the mutual 
friction of the poWders by vibrations and densify the poW 
ders at the time of compaction thereof, it is necessary to keep 
the amplitude of the vibration to a certain level or over 
during the course of the compaction. Where poWders, such 
as iron poWders, Which undergo plastic deformation, are 
compacted under high compaction pressure in Which vibra 
tions With a satisfactory amplitude are applied to under 
pressure-free conditions in knoWn vibration compacting 
methods, the amplitude is attenuated during the compaction 
and thus, the effect of the vibrations cannot be shoWn 
satisfactorily. 

[0041] Nevertheless, We have con?rmed that if the ampli 
tude at the time When a compaction pressure is applied to at 
a level of 5 tons/cm2 or over is controlled to be at 20% or 
over, preferably at 50% or over, of an amplitude in a 
pressure-free condition, there are satisfactorily shoWn the 
effects of reducing the mutual friction of the poWders and the 
friction betWeen the poWders and the compaction die oWing 
to the vibrations at the time of the high pressure compaction. 
Thus, the green density can be remarkably increased. 

[0042] It should be noted that When the amplitude in the 
course of application of a pressure of 5 tons/cm2 or over is 
invariably loWer than 20% of an amplitude in a pressure-free 
condition, the effects of reducing the frictions attained by 
virtue of the vibrations loWer signi?cantly. 

[0043] Where vibrations are given to a compacting die, a 
green density can be most effectively increased by transmit 
ting vibrations to the poWders through upper and loWer 
punches. As a matter of course, the vibrations from an upper 
punch alone or a loWer punch alone, or a combination of 
vibrations to a die and vibrations from a punch or the 
punches is also effective. The essential timing When vibra 
tions are applied to is to give vibrations When a compaction 
pressure is applied to. Whether or note vibrations are applied 
to at the time of packing of poWders or at the time of removal 
from a die after compaction is optional. 
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[0044] The type of vibration apparatus is not limited to 
any speci?c one, and any type of vibration generator may be 
used provided that it is able to control an amplitude in a 
manner as set out above. 

[0045] The fundamental vibration frequency to be 
imposed on powders is generally selected from a range of 5 
HZ to 20 kHZ in order to assure the reduction of the mutual 
friction of powders, and is preferably selected from 5 to 200 
HZ. If the fundamental frequency is less than 5 HZ, the 
mutual friction of powders cannot be reduced satisfactorily. 
On the contrary, in order to keep such an amplitude exceed 
ing 20 kHZ under pressing conditions, an excess energy is 
required, which is not bene?cial for carrying out the com 
paction on a practical scale. It will be noted that if the 
amplitudes of frequencies corresponding to integer-fold the 
exceeding frequencies are synthesiZed in a vibration gen 
erator, any problem is not involved in using such frequencies 
in practice. 

[0046] If the amplitude in a pressure-free condition is 
within a range of 0.002 to 0.20 mm and an amplitude at the 
time of pressing at 5 tons/cm2 or over is at 20% of the 
amplitude in a pressure-free condition, a satisfactory ampli 
tude is preferably obtained. If the amplitude is less than 
0.002 mm, the amplitude under pressing conditions becomes 
relatively short, making it dif?cult to effectively show the 
effect of the vibrations. In contrast, when the amplitude 
exceeds 0.20 mm and is thus too great, an excess energy is 
necessary for keeping the amplitude at the time of pressing, 
which results in a substantial dif?culty in keeping the 
amplitude under pressing conditions. When the amplitude at 
the time of pressing at 5 tons/cm2 or over is lower than 20% 
of the amplitude in the pressure-free condition, the high 
densi?cation effect at the time of pressing is not attained in 
a satisfactory manner. Thus, the amplitude under the press 
ing conditions should be not less than 20% relative to the 
amplitude in the pressure-free condition. If the amplitude is 
within a range of 0.2 mm or below in which it is substan 
tially difficult to keep such a great amplitude, the amplitude 
in the pressing conditions may exceed 100% relative to the 
amplitude in the pressure-free condition. 

[0047] The present invention 
described by way of examples, which should not be con 
strued as limiting the invention thereto. Since many varia 
tions and alterations may be possible without departing from 
the spirit of the invention, it is intended that the invention be 
limited only to the scope of the appended claims. 
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[0048] [Procedure] 

[0049] Using a V-type mixture, starting powders having 
formulations indicated in Tables were mixed for 30 minutes. 
The resultant mixtures were each weighed at about 20 g, 
followed by packing in a die (with a diameter of 31.5 mm 
and a depth of 12.5 mm) heated to a preset temperature and 
compacting under conditions indicated in Tables 1 to 4. In 
Examples, iron powders “300M” and “4800DFC” (both 
made by Kobe Steel, Ltd.) were used. In Example D, a 
vibration generator (vibration disc unit, made by Daiichi K. 

was used to vibrate the die in the course of the com 

pacting step wherein amplitude A in a pressure-free condi 
tion and amplitude B in a pressing condition at 5 tons/cm2 
were, respectively, changed at different levels. The densities 
of the respective greens were measured according to the 
following method, with the results shown in the tables. It 
will be noted that the green density was calculated from the 
volume and weight of each green. 

[0050] Some tests were effected such that powders were 
preheated to a compacting temperature, from which it was 
con?rmed that the time of from packing of the powders in 
a die till compaction could be shortened over the case where 

no preheating was used. 

TABLE 1 

Compacting Conditions 

Compacting Green 
Compacting Pressure State of Added Density 

No. Temperature (O C.) (tons/cm2) Lubricant (g/cm3) 

1a 150 7 solid 7.39 

2a 150 7 solid 7.5 

3a 150 7 solid 7.48 

4a 150 7 solid 7.46 

5a 150 7 solid 7.42 

6a 150 7 solid 7.36 

7a 160 4 liquid 7.21 

8a 160 5 liquid 7.44 

is more particularly 9a 160 7 liquid 7.51 
10a 160 10 liquid 7.60 

11a 160 15 liquid 7.65 

12a 160 18 liquid 7.65 

EXAMPLE A 

Formulating Ratios of Mixed Powders 

Other powder Melting point Amount of 
Iron Graphite for alloy Mixed Tm of lubricant Die lubrication 

No. powder (wt %) (wt %) lubricant 1 lubricant 1 (wt %) Die lubricant 2 

1a 300M 0.75 Nil Li stearate 216 0 Li stearate 
2a 300M 0.75 Nil Li stearate 216 0.005 Li stearate 
3a 300M 0.75 Nil Li stearate 216 0.05 Li stearate 
4a 300M 0.75 Nil Li stearate 216 0.1 Li stearate 
5a 300M 0.75 Nil Li stearate 216 0.2 Li stearate 
6a 300M 0.75 Nil Li stearate 216 0.25 Li stearate 

7a 4800 DFC 0.6 Nil Hydrocarbon 150 0.1 Mo disul?de 
wax 
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EXAMPLE A-continued 

Formulating Ratios of Mixed Powders 

Other powder Melting point Amount of 
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Iron Graphite for alloy Mixed Tm of lubricant Die lubrication 
No powder (wt %) (wt %) lubricant 1 lubricant 1 (wt %) Die lubricant 2 

8a 4800 DFC 0.6 Nil Hydrocarbon 150 0.1 Mo disul?de 
wax 

9a 4800 DFC 0.6 Nil Hydrocarbon 150 0.1 Mo disul?de 
wax 

10a 4800 DFC 0.6 Nil Hydrocarbon 150 0.1 Mo disul?de 
wax 

11a 4800 DFC 0.6 Nil Hydrocarbon 150 0.1 Mo disul?de 
wax 

12a 4800 DFC 0.6 Nil Hydrocarbon 150 0.1 Mo disul?de 
wax 

[0051] 
Example A TABLE 2-continued 

[0052] Form the above tables, it will be seen that Nos. 1a _ _ _ 
. . . . Compacting Conditions 

to 6a are to determine in?uences on a green density in case 
where Li stearate was used both as a die lubricant and a _ 

lubricant formulated in the powders and the content of the _ Compactmg Greein 
lubricant formulated in the powders was changed. The Compactmg Pressure; State ofAdded Densliy 
results of the table reveal that when no lubricant is formu- NO- Temperature ( C') (tons/Cm ) Lubncant (lg/Cm ) 
lated, the green density is low. When the lubricant is added _ 
to in small amounts or up to 0.2 wt %, a high green density 3b 100 7 Sohd 7'37 
is obtained. In particular, the amount ranging from 0.005 to 4b 130 7 Sohd 7'43 
0.1 Wt % results in a high density. 5b 220 7 hquld 7-51 

. . 6b 380 7 li uid 7.55 
[0053] Nos. 7a to 12a are to determine the in?uences of q 

. . 7b 480 7 gas 7.55 
the compacting pressure on the green density. When the 

. 2 . . 8b 600 7 gas 7.56 
pressure 15 less than 5 tons/cm , the green density 15 not 9b 60 7 1d 727 
sufficiently high. At about 15 tons/cm2, the increase in the so] ' 
density is saturated. It will be seen that a pressure ranging 10b 80 7 800d 7'37 
from 5 to 15 tons/cm2 is preferred. 11b 100 7 Sohd 7'38 

12b 130 7 liquid 7.47 

2 13b 220 7 liquid 7.49 

14b 380 7 gas 7.51 

Compacting Conditions 15b 480 7 gas 750 

Compacting Green 16b 600 7 _ _ gas_ _ 7'51 

Compacting Pressure State of Added Density 17b 150 6 llqllld + llqllld 7.43 
No. Temperature (O C.) (tons/cm2) Lubricant (g/cm3) 1% 150 6 liquid + Solid 7_39 

1b 60 7 Solid 725 19b 150 6 solid + solid 7.36 

2b 80 7 solid 7.37 

EXAMPLE B 

Formulating Ratios of Mixed Powders 

Other powder Melting point Amount of 
Iron Graphite for alloy Mixed Tm of lubricant Die lubrication 

No. powder (wt %) (wt %) lubricant 1 lubricant 1 (wt %) Die lubricant 2 

1b 300M 0.75 1.5% Ni Li stearate 216 0.05 Li stearate 
2b 300M 0.75 1.5% Ni Li stearate 216 0.05 Li stearate 
3b 300M 0.75 1.5% Ni Li stearate 216 0.05 Li stearate 
4b 300M 0.75 1.5% Ni Li stearate 216 0.05 Li stearate 
5b 300M 0.75 1.5% Ni Li stearate 216 0.05 Li stearate 
6b 300M 0.75 1.5% Ni Li stearate 216 0.05 Li stearate 
7b 300M 0.75 1.5% Ni Li stearate 216 0.05 Li stearate 
8b 300M 0.75 1.5% Ni Li stearate 216 0.05 Li stearate 
9b 4800 DFC 0.75 1.5% Cu Zn stearate 126 0.05 graphite 

10b 4800 DFC 0.75 1.5% Cu Zn stearate 126 0.05 graphite 
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EXAMPLE B-continued 

Aug. 23, 2001 

Formulating Ratios of Mixed Powders 

Other powder Melting point Amount of 
Iron Graphite for alloy Mixed Tm of lubricant Die lubrication 

No. powder (wt %) (wt %) lubricant 1 lubricant 1 (wt %) Die lubricant 2 

11b 4800 DFC 0.75 1.5% Cu Zn stearate 126 0.05 graphite 
12b 4800 DFC 0.75 1.5% Cu Zn stearate 126 0.05 graphite 
13b 4800 DFC 0.75 1.5% Cu Zn stearate 126 0.05 graphite 
14b 4800 DFC 0.75 1.5% Cu Zn stearate 126 0.05 graphite 
15b 4800 DFC 0.75 1.5% Cu Zn stearate 126 0.05 graphite 
16b 4800 DFC 0.75 1.5% Cu Zn stearate 126 0.05 graphite 
17b 300M 0.75 1.5% Cu Zn stearate + 126° C. 0.025 Li stearate 

hydrocarbon 143° C. 0.025 
wax 

18b 300M 0.75 1.5% Cu Zn stearate + 126° C. 0.025 Li stearate 
hydrocarbon 158° C. 0.025 

wax 

19b 300M 0.75 1.5% Cu Li stearate + 216° C. 0.025 Li stearate 
hydrocarbon 158° C. 0.025 

wax 

[0054] these are not good. Nos. 17 to 19 make use of two types of 
lubricants being mixed. Since the total amount of the lubri 

Example B cants is within a range of the invention, a high green density 

[0055] From the above tables, it will be seen that Nos. 1b 
to 8b are to determine the in?uences on the green density in 
the case where lithium stearate was used both as a die 
lubricant and a lubricant formulated in the powders and the 
compacting temperature is changed in a wide range. With 
Nos. 5b and 6b where the compacting temperature is set at 
a level higher than the melting point of the lubricant, the 
resultant green density is higher than those of Nos. 1b to 4b 
wherein the compacting temperature is lower than the melt 
ing point of the lubricant. In Nos. 7b and 8b, the formulated 
lubricant is vaporized, so that the effect of increasing the 
temperature is not shown, thus being poor in economy. 

[0056] Nos. 9b to 16b are to determine the in?uences on 
a green density in the case where a graphite-based lubricant 
was used as a die lubricant and Zinc stearate was as a 

lubricant formulated in the powders, and the compacting 
temperature is changed in a wide range. With Nos. 12b to 
16b wherein the compacting temperature is higher than the 
melting points of the lubricants, green densities obtained are 
higher than those of Nos. 9b to 11b where the compacting 
temperature is lower than the melting points of the lubri 
cants. In this connection, however, with Nos. 15b and 16b, 
the formulated lubricants are vaporized, so that the density 
is not so high although the temperature is increased. Thus, 

is obtained. In particular, a green density of No. 18b wherein 
the compacting temperature is higher than that of one of the 
mixed lubricants is high. Moreover, the highest density is 
obtained in No. 17b wherein the compacting temperature is 
higher than the melting points of both lubricants. 

TABLE 3 

Compacting Conditions 

Compacting Green 
Compacting Pressure State of Added Density 

No. Temperature (° C.) (tons/cm2) Lubricant (g/cm3) 

1c 25 7 solid 7.18 
2c 100 7 solid 7.24 
3c 150 7 solid 7.24 
4c 200 7 solid 7.23 
5c 250 7 liquid 7.26 
6c 25 7 solid 7.08 
7c 150 7 liquid 7.24 
8c 150 7 liquid 7.24 
9c 150 7 liquid 7.25 

10c 150 7 liquid 7.20 
11c 150 7 liquid 7.14 
12c 150 7 liquid 7.07 

[0057] 

EXAMPLE C 

Formulating Ratios of Mixed Powders 

Other powder Melting point Amount of 
Iron Graphite for alloy Mixed Tm of lubricant Die lubrication 

No. powder (wt %) (wt %) lubricant 1 lubricant 1 (wt %) Die lubricant 2 

1c insulated Nil Nil Li stearate 216 0.1 Mo disul?de 

iron 

powder A 
Nil Li stearate 216 0.1 Mo disul?de 2c insulated Nil 

iron 

powder A 
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EXAMPLE C-continued 

Aug. 23, 2001 

Formulating Ratios of Mixed Powders 

Other powder 
for alloy 
(wt %) 

Mixed 
lubricant 1 

Iron Graphite Tm of 
No. powder (wt %) lubricant 1 

Melting point Amount of 
Die lubrication 
Die lubricant 2 

lubricant 

(wt %) 

3c insulated Nil Nil 
iron 

powder A 
4c insulated Nil Nil 

iron 
powder A 

5c insulated Nil Nil 
iron 

powder A 
6c insulated Nil Nil 

iron 
powder A 

7c insulated Nil Nil 
iron 

powder A 
8c insulated Nil Nil 

iron 
powder A 

9c insulated Nil Nil 
iron 

powder A 
10c insulated Nil Nil 

iron 
powder A 

11c insulated Nil Nil 
iron 

powder A 
12c insulated Nil Nil 

iron 
powder A 

Li stearate 216 

Li stearate 216 

Li stearate 216 

Li stearate 216 

Zn stearate 126 

Zu stearate 126 

Zn stearate 126 

Zn stearate 126 

Zn stearate 126 

Zn stearate 126 

0.1 Mo disul?de 

0.1 Mo disul?de 

0.1 Mo disul?de 

0.75 Nil 

0.005 Mo disul?de 

0.01 Mo disul?de 

0.1 Mo disul?de 

0.2 Mo disul?de 

0.4 Mo disul?de 

0.75 Nil 

Example C 

[0058] Insulated iron powder Awas prepared by applying 
an aqueous solution containing phosphoric acid, boric acid 
and magnesium oxide onto the surfaces of iron powders and 
dried to form an insulating vitreous ?lm on the surfaces of 
individual iron powders. This iron powder was used and 
compacted into 12 mm>< 30 mm><6 mm pieces under con 
ditions indicated in Table 3 above. 

[0059] Nos. 1c to 5c are all within the scope of the 
invention and high densities are obtained. In particular, in 

No. 5c, compaction is effected at a temperature higher than 
the melting point of the lubricant, so that a very high density 
is obtained. No. 6c is directed to a prior art technique, and 
the resultant density is very low. In Nos. 7c to 12c, the 
amount of the lubricant is widely changed. Within the range 
up to 0.2 wt % de?ned in the present invention, good results 
are obtained. In Nos. 11c, 12c, the amount is too large, both 
a density and a bending strength are poor. In particular, No. 
12c makes use of such a large amount of the lubricant as in 

prior art, so that the density is very low. 

TABLE 4 

Compacting conditions 

Amplitude B 
Amplitude A under 

Compacting in pressure- pressing at 5 Attenuation Green 
Compacting Pressure Frequency free condition tons/cm2 rate Density 

No. Temp. (O C.) (tons/cm3) (mm) (mm) (B/A) x 100 (g/cm3) 

1d 150 7 50 0.05 0.04 80.0 7.58 
2d 150 7 50 0.05 0.025 50.0 7.58 
3d 150 7 50 0.05 0.024 48.0 7.54 
4d 150 7 50 0.05 0.019 38.0 7.53 
5d 150 7 50 0.05 0.01 20.0 7.52 
6d 150 7 50 0.05 0.008 16.0 7.49 
7d 150 7 50 0.05 0.007 14.0 7.48 
8d 160 7 50 0.001 0.0003 30.0 7.48 
9d 160 7 50 0.002 0.001 50.0 7.52 

10d 160 7 50 0.01 0.004 40.0 7.52 
11d 160 7 50 0.05 0.017 34.0 7.54 



US 2001/0016174 A1 Aug. 23, 2001 

TABLE 4-c0ntinued 

Compacting conditions 

Amplitude B 
Amplitude A under 

Compacting in pressure- pressing at 5 Attenuation Green 
Compacting Pressure Frequency free condition tons/cm2 rate Density 

No. Temp. (O C.) (tons/cm3) (mm) (mm) (B/A) x 100 (g/cm3) 

12d 160 7 50 0.1 0.0205 20.5 7.57 
13d 160 7 50 0.2 0.044 22.0 7.55 
14d 160 7 50 0.25 0.032 12.8 7.52 
15d 150 4 50 0.051 0.026 51.0 7.37 
16d 150 5 50 0.05 0.023 46.0 7.41 
17d 150 7 50 0.05 0.022 44.0 7.53 
18d 150 10 50 0.052 0.019 36.5 7.64 
19d 150 15 50 0.05 0.01 20.0 7.69 
20d 150 18 50 0.05 0.008 16.0 7.70 
21d 150 7 15 0.05 0.038 76.0 7.52 
22d 150 7 20 0.05 0.011 22.0 7.56 
23d 150 7 100 0.05 0.02 40.0 7.58 
24d 150 7 200 0.05 0.021 42.0 7.57 
25d 150 7 15k 0.05 0.012 24.0 7.53 
26d 150 7 200k 0.05 0.01 20.0 7.53 
27d 150 7 250k 0.05 0.005 10.0 7.48 

EXAMPLE D 

Formul?g Ratios of MiXed PoWders 

Other poWder Melting point Amount of 
Iron Graphite for alloy Mixed Tm of lubricant Die lubrication 

No. poWder (Wt %) (Wt %) lubricant 1 lubricant 1 (Wt %) Die lubricant 2 

1d 300M 0.75 1.0 Cu, Zn 126 0.1 Li stearate 
1.5% Ni stearate 

2d 300M 0.75 1.0 Cu, Zn 126 0.1 Li stearate 
1.5% Ni stearate 

3d 300M 0.75 1.0 Cu, Zn 126 0.1 Li stearate 
1.5% Ni stearate 

4d 300M 0.75 1.0 Cu, Zn 126 0.1 Li stearate 
1.5% Ni stearate 

5d 300M 0.75 1.0 Cu, Zn 126 0.1 Li stearate 
1.5% Ni stearate 

6d 300M 0.75 1.0 Cu, Zn 126 0.1 Li stearate 
1.5% Ni stearate 

7d 300M 0.75 1.0 Cu, Zn 126 0.1 Li stearate 
1.5% Ni stearate 

8d 300M 0.75 1.5% Cu Hydrocarbon 145 0.1 Li stearate 
WaX 

9d 300M 0.75 1.5% Cu Hydrocarbon 145 0.1 Li stearate 
WaX 

10d 300M 0.75 1.5% Cu Hydrocarbon 145 0.1 Li stearate 
WaX 

11d 300M 0.75 1.5% Cu Hydrocarbon 145 0.1 Li stearate 
WaX 

12d 300M 0.75 1.5% Cu Hydrocarbon 145 0.1 Li stearate 
WaX 

13d 300M 0.75 1.5% Cu Hydrocarbon 145 0.1 Li stearate 
WaX 

14d 300M 0.75 1.5% Cu Hydrocarbon 145 0.1 Li stearate 
WaX 

15d 4800 DFC 0.6 Nil Zn 126 0.1 Li stearate 
stearate 

16d 4800 DFC 0.6 Nil Zn 126 0.1 Li stearate 
stearate 

17d 4800 DFC 0.6 Nil Zn 126 0.1 Li stearate 
stearate 

18d 4800 DFC 0.6 Nil Zn 126 0.1 Li stearate 
stearate 

19d 4800 DFC 0.6 Nil Zn 126 0.1 Li stearate 
stearate 

20d 4800 DFC 0.6 Nil Zn 126 0.1 Li stearate 
stearate 
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Formulating Ratios of Mixed Powders 

Other powder Melting point Amount of 

3. Amethod according to claim 1, wherein the compaction 
is carried out at a temperature which is higher than the 

Iron Graphite for alloy Mixed Tm of lubricant Die lubrication 
No. powder (wt %) (wt %) lubricant 1 lubricant 1 (wt %) Die lubricant 2 

21d 300M 0.75 1.5% Ni Li stearate 216 0.05 Mo disul?de 
22d 300M 0.75 1.5% Ni Li stearate 216 0.05 Mo disul?de 
23d 300M 0.75 1.5% Ni Li stearate 216 0.05 Mo disul?de 
24d 300M 0.75 1.5% Ni Li stearate 216 0.05 Mo disul?de 
25d 300M 0.75 1.5% Ni Li stearate 216 0.05 Mo disul?de 
26d 300M 0.75 1.5% Ni Li stearate 216 0.05 Mo disul?de 
27d 300M 0.75 1.5% Ni Li stearate 216 0.05 Mo disul?de 

[0060] 

Example D 

[0061] From the results of the above tables, it will be seen 
that No. 1d to 7d are ones wherein the attenuation rate of 
vibrations (i.e. a ratio of the amplitude B at the time of 
pressing at 5 tons/cm2 and the amplitude Ain a pressure-free 
condition) at the time of press compaction is changed. When 
the attenuation rate is within the range de?ned in the 
invention (Nos. 1d to 5d), the green density is higher than 
those of Nos. 6d and 7d wherein the amplitude attenuation 
rate at the time of press compaction is less than 20%. 

[0062] With Nos. 8d to 14d where the amplitude of 
vibrations is changed, when the amplitude is within a range 
de?ned in the invention, higher green densities are obtained 
than those of Nos. 8d, 14d where the amplitude is out of the 
range de?ned in the invention. 

[0063] In Nos. 15d to 20d, a compacting pressure is 
changed, under which when the compacting pressure is less 
than 5 tons/cm2 (No. 15d), the green density is low. A higher 
compacting pressure leads to a higher green density, but the 
increasing rate is saturated at 15 tons/cm2. Ahigher pressure 
does not permit a signi?cant increase of the green density, 
thus being poor in economy. 

[0064] In Nos. 21d to 27d, the frequency of vibrations is 
changed. With Nos. 21d to 26 d wherein the frequency range 
is within a range de?ned in the invention, high green 
densities are obtained. In particular, with Nos. 22d to 24d 
wherein the frequency is within a preferred range (20 to 200 
HZ), very high green densities are obtained. 

What is claimed is: 

1. A method for the compaction of powders for powder 
metallurgy, which comprises packing powders for powder 
metallurgy formulated with a lubricant in a compacting die 
whose inner wall surfaces are applied with a lubricant, and 
subjecting the packed powders to warm or hot compaction 
wherein the lubricant present in the powders is in an amount 
of 0.2 wt % or below (non-inclusive of 0 wt %) based on the 
total of the powders and the lubricant. 

2. A method according to claim 1, wherein said powders 
for powder metallurgy consist of soft magnetic powders 
individually having, on the surfaces thereof, an insulating 
vitreous ?lm comprising essential elements of P, B, Mg, and 
Fe. 

melting point [Tm] of the lubricant formulated in said 
powders. 

4. Amethod according to claim 1, wherein the compaction 
is carried out at a temperature which is higher than the 
melting point [Tm] of the lubricant formulated in said 
powders. 

5. A method according claim 3, wherein said temperature 
is at 3><[Tm]° C. or below and is lower than a decomposition 
and vaporization temperature of said lubricant. 

6. A method according claim 4, wherein said temperature 
is at 3><[Tm]° C. or below and is lower than a decomposition 
and vaporization temperature of said lubricant. 

7. A method according to claim 3, wherein the powders 
for powder metallurgy wherein lubricant is formulated is 
preheated to a temperature higher than the melting point 
[Tm] of said lubricant formulated in said powders prior to 
packing in said compacting die. 

8. A method according to claim 4, wherein the powders 
for powder metallurgy wherein lubricant is formulated is 
preheated to a temperature higher than the melting point 
[Tm] of said lubricant formulated in said powders prior to 
packing in said compacting die. 

9. A method according to claim 5, wherein the powders 
for powder metallurgy wherein lubricant is formulated is 
preheated to a temperature higher than the melting point 
[Tm] of said lubricant formulated in said powders prior to 
packing in said compacting die. 

10. A method according to claim 6, wherein the powders 
for powder metallurgy wherein lubricant is formulated is 
preheated to a temperature higher than the melting point 
[Tm] of said lubricant formulated in said powders prior to 
packing in said compacting die. 

11. A method according to any one of claims 1 to 10, 
wherein the compaction is carried out at a maximum com 
pacting pressure set within a range of from 5 to 15 tons/cm2. 

12. A method according to any one of claims 1 to 10, 
wherein the compaction is carried out at a maximum com 
pacting pressure set at 5 tons/cm2 or over, vibrations are 
applied to said compacting die, an amplitude in a pressure 
free condition is set at 0.002 to 0.20 mm for half amplitude 
(0 to peak), and part or all of a time when the compacting 
pressure is 5 tons/cm2 or over is not less than 20% of the 
amplitude in a pressure-free condition. 

13. A method according to claim 12, wherein said vibra 
tions has a frequency of 5 HZ to 20 kHZ. 


