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LUBRICANTS FOR INSULATED SOFT MAGNETIC IRON-BASED POWDER

COMPOSITIONS

Field of the invention

This invention relates to lubricants for soft magnetic
composites (SMC). Specifically, the invention concerns
liguid lubricants for soft magnetic i1ron or 1ron-based
powder wherein the particles are surrounded by an

inorganic insulating layer.

Backgrqpnd_gﬁ the l1nvention

In industry, the use of metal products manufactured by
compacting and heat-treating soft magnetic powder
compositions is becoming i1ncreasingly widespread. A
number of different products of varying shape and
thickness are being produced, and different quality
requirements are placed on these products depending on
their final use. In order to meet the different
requirements the powder metallurgy industry has developed
a wide variety of iron and iron-based powder

compositions.

One processing technique for producing the parts from
these powder compositions is to charge the powder
composition into a die cavity and compact the composition
under high pressure. The resultant green part is then
removed from the die cavity and heat-treated. To avoid
excessive wear on the die cavity, lubricants are commonly
used during the compaction process. Lubrication 1s
generally accomplished by blending a solid, particular
lubricant powder with the iron-based powder (internal

lubrication) or by spraying a liquid dispersion or
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solution of the lubricant onto the die cavity surface

(external lubrication). In some cases, both lubrication

techniques are utilized.

Lubrication by means of blending a solid lubricant into
the iron-based powder composition 1s widely used and new
solid lubricants are developed continuously. These solid
lubricants generally have a density of about 1-2 g/cm’,
which is very low in comparison with the density of the
iron-based powder, which is about 7-8 g/cm’.

Additionally, in practice the solid lubricants have to Dbe

used in amounts of at least 0.6 %by welght of the powder

composition. As a consequence the inclusion of these less
dense lubricants in the composition lowers the green den-

sity of the compacted part.

In modern PM technology, lubrication with only liquid
lubricants has not been successful due to poor powder
properties and handling. However, liquid lubricants have
been suggested for use in combination with solid
lubricants. Thus, the US Patent 6537389 discloses a
method of manufacturing a soft magnetic composite
material. In this method punching oil or rapeseed o1l
methyl ester are mentioned as examples of sultable
lubricating additions in the powder composition to be
compacted. These compounds are suggested to be used 1n
combination with the solid stearic acid amide lubricant
but nothing is taught about the physical nature of the
punching oil or rapeseed o0il methyl ester and no actual
examples demonstrate the use of these compounds. The use
of liquid lubricants is also known from US Patent 3728110
which teaches that the liquid lubricant should be used in

combination with a porous silica gel. Also in thils case
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the ligquid lubricant should be combined with a solid

lubricant.

It has now unexpectedly been found that when soft
magnetic iron or iron-based powders of a certain type are
combined with a specific type of liquid organic
substances as lubricants, it will be possible to obtailn
compacted bodies having not only high density but 1t has
also been found that these compacted bodies can be
ejected from the dies with comparatively low ejection
forces. Furthermore, 1t has turned out that these
lubricants are effective in preventing wearing of the
walls of the die and providing the compacted bodies an
excellent surface finish. No silica gel is needed for the

lubrication.

Summary of the invention

In brief the present invention concerns a powder
composition including a soft magnetic iron or iron-based
powder wherein the particles are surrounded by an
inorganic insulating layer, and a liquid organic
lubricant. The invention also concerns a method of
preparing compacted and heat-treated parts by using the

liquid lubricant.

Detailed description of the invention

Powder types

Suitable metal powders, which can be used as starting ma-
terials for the coating process, are powders prepared
from ferromagnetic metals such as iron. Alloying elements
such as nickel, cobolt, phosphorous, silicon, aluminium,
chromium, boron, etc. can be added as particles or pre-

alloyed in order to modify the properties of the i1ron-
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based product. The iron-based powders can be selected

from the group consisting of substantially pure iron
powders, pre-alloyed 1ron-based powders, and sub-
stantially pure iron or iron-based particles and alloyilng
elements. As regards the particle shape, 1t 1s preferred
that the particles have an irregqular form as 1s obtained
by water atomisation or sponge iron. Also gas-atomised

powders and flakes may be of interest.

The size of the iron-based particles normally used within
the PM industry is distributed according to a gaussian

distribution curve with an average particle diameter 1in

the region of 30 to 100 um and about 10-30 % of the
particles are less than 45 pm. Thus, the powders used ac-

cording to the present invention have a particle size

distribution deviating from that normally used. These
powders may be obtained by removing the finer fractions
of the powder or by manufacturing a powder having the

desired particle size distribution.

According to a preferred embodiment of the invention the
powders should have coarse particles, 1.e. the powders
are essentially without fine particles. The term

“essentially without fine particles” 1s i1ntended to mean

o\©

that less than about 10 , preferably less than 5 % the

powder particles have a size below 45 pm as measured by

the method described in SS-EN 24 497. The average
particle diameter is typically between 106 and 425 um.

The amount of particles above 212 um is typically above

20 %$. The maximum particle size may be about 2 mm.

As regards SMC parts for high demanding applications,

especially promising results have been obtained with
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5
water atomised iron powders wherelin the particles are

surrounded by an inorganic layer. Examples of powders
within the scope of this invention are powders having the
particle size distribution and chemical composition
corresponding to Somaloy®550 and Somaloy®700 from H&gands

AB, Sweden.

Lubricant

The lubricant according to the present invention 1s
distinguished by being liquid at amblent temperature,
1.e. the crystalline'melting point should be below 25°C.
Another feature of the lubricant is that 1t 1s a non-

drying oil or liquid.

Furthermore, the viscosity (n) at 40°C should be above 15

mPa-s and depending of the temperature according to the

following formula:

lg(n) = k/T +C ,

wherein the slope k is preferably above 800 (T 1s 1in

Kelvin and C is a constant).

A type of substances fulfilling the above criteria are
non-drying oils or liquids, e.g. different mineral oils,
vegetable or animal based fatty acids but also compounds
such as polyethylene glycol, polypropylene glycol,
glycerine, and esterified derivates thereof. These
lubricating oils can be used in combination with certailn
additives, which could be referred to as “rheological
modifiers”, “extreme pressure additives”, “anti cold
welding additives”, “oxidation 1inhibitors” and “rust

inhibitors”.
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The lubricant can make up to 0.4 % by weight of the
metal-powder composition according to the invention.
Preferably up to 0.3 % by weight and most preferably up
to 0.20 % by weight of the lubricant 1s 1ncluded in the
powder composition. The possibility of using the
lubricant according to the present invention 1in very low
amounts is especially advantageous since it permits that
compacts and heat-treated products having high densities
can be achieved especially as these lubricants need not
be combined with a solid lubricant. However, the present
invention does not exclude the addition of small amounts
of solid (particulate) lubricant(s). It should be noted
that the geometry of the component as well as the
material and quality of the tool have great impact on the
surface condition of the SMC parts after ejection.
Therefore, may in certaln cases the optimal content of
lubricant be below 0.20 % by weight. Additionally, and 1n
contrast to the teaching in the US patent 6537 389 the
iron powder particles are not coated with a thermoplastic

compound.

Compaction

Conventional compaction at high pressures, 1.e. pressures
above about 600 MPa with conventionally used powders
including finer particles, 1n admixture with low amounts
of lubricants (less than 0.6 % by weight) 1s generally
considered unsuitable due to the high forces required in
order to eject the compacts from the die, the
accompanying high wear of the die and the fact that the
surfaces of the components tend to be less shiny or
deteriorated. By using the powders and liquid lubricants

according to the present i1nvention 1t has unexpectedly
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been found that the ejection force 1s reduced at high

pressures, above about 600 MPa, and that components
having acceptable or even perfect surfaces may be
obtained also when die wall lubrication 1s not used. The
5 compaction may be performed with standard equipment,
which means that the new method may be performed without
expensive investments. The compaction 1s performed
uniaxially 1n a single step at amblent or elevated
temperature. In order to reach the advantages with the
10 present invention the compactlion should preferably be

performed to densities above 7.50 g/cm’.

The invention 1is further illustrated by the following
non-limiting examples.
15 As liquid lubricants, substances according to table 1

below were used;

Table 1.
Lubricant Type_____ | Trade name
- A Polyetﬂ?fgagmélycol, 'PEG 400 (Clariant
My 400 g/mol GmbH)
B Distilled low- Spindle oil
viscosity mineral o1l
C Synthetic ester-based Nimbus 410 (Statoil
drawing oill ASA) _j
D Oleoyl Sarcosine [Crodasinic O (Croda
Chem. Ltd.) ]
E DimethyT:EST§EIISEEHT___BﬁbS (Sigma-Aldrich)

viscosity (25°C)
100 mPas

E 1,2,3 propantriof_ '*Glycerine \

(Lubricants B and E are outside the scope of the

20 invention.)
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temperatures of the liquid lubricants used;

5 Table 2.
T (°C) [Viskosity n (mPa-s) ]
l_—A B C D E F
l_ 30 73.0 | 10.7 —- 2600 | 89.8 [ 68.7 |
40 47 .0 7.7 78 .3 1100 74.6 40.3|
50 32.0 | 5.9 | 53.0 | 600 | 62.8 [25.5]
60 23.0 'L'Z.9 1739.0 | 400 | 53.5 T7_3‘|
70 | 17.5 | 4.0 | 30.4 | 130 45"._6"!12.5
80 | 13.5 | 3.4 | 23.1 | 85 | 39.5 | 8.8
The following table 3 discloses constants i1n the formula
lg(n) = k/T + C (T in K) giving the temperature
dependence of the viscosity of the liquid lubricants;
10
Table 3
| A B l—_"c 1 D l E F
k 1563 1051 1441 3172 763 1875
C | -3.316 | -2.462 | -2.725 | -7.050 | -0.565 —4.3751
Non-drying lubricating oils or liquids according to the
invention shall have viscosity calculated according to
15 the reported formula where the following requirement 1s
met: k >800, and where the viscosity at 40°C is >15
mPa-s. Hence, lubricants B and E, which are outside the
scope of the invention, clearly demonstrate the effect of
liquid lubricants which do not fulfil the requirements of
20 the depicted formula.
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Example 1.

Different iron-based powder compositions of
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totally 2 kg

were prepared. The 1ron-based powder used was a soft

magnetic powder,

the particles of which had been provided

5 wlth an 1nsulating inorganic coating. The particle size

distribution was as disclosed 1n

(30 g),

“coarse powder’” in table

with a

4 below:
Table 4.
ﬁéargicfé;' Cgafée—_i_ Fine pow&ér-_
size | powder | (Wt . %) |
(pm) (WE. %)
> | 0.1 | 0 -
425-212 |  64.2 - 0 ]
212-150 1 510 [ 112
50106 | 1.1 | .0
1106-75 | 0.3 22.8 |
45-75 | 0.2 ]F 26.7 |
(<45 0 - 14.3 |
0 -
400 grams of the iron- based powder was intensively mixed
with 4.0 grams of liquid lubricants in a separate mixer,
a so-called master mix was then obtained. The master mix
was thereafter added to the remaining amount of soft
15 magnetic iron-based powder and the final mix was mixed
for further 3 minutes.
The obtained mixes were transferred to a die and
compacted 1nto cylindrical test samples
20 diameter of 25 mm,

compaction pressure of 1100 MPa.
was conventional tool steel.

compacted samples,

in a unlaxially press movement at a

The used die material

During ejection of the

the static and dynamic ejection forces
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were measured, and the total ejection energy needed in

order to eject the samples from the die were calculated.
The following table 5 shows ejection forces, ejection
energy, dgreen density, the surface appearance and the

overall performance for the different samples.

Table 5.
Lubricant A B C ‘D )
Ejection -
enerqgy 101 156 79 76
(J/cm?)
Stat. EE. ] l |
force | 46 58 35 27 | |
(k) | | |
iDyn. Ej.- | T ;
force 40 63 ' 29 277 97 r 33
i i
(kN) l L |
i ‘l — —_— —_— —_— —
Slight- ,
Surface . | ‘ !
ly - Slightly |
appear- Scratched|Perfect |Perfect| Seizure |
scratch ' scratched
lance |

Gregh ‘ - [_ . B

density [ 7.70 | 7.68 | 7.69 7.68 7.69 7.69

(g/cm’)

Over;il | ) ‘Not Not B
Accept-

perform- - | accept- Good |acceptab| Acceptable

able
ance | | able | le
Example 2.

A powder mix containing lubricant C was prepared
according to example 1, and cylindrical test samples
according to example 1 were compacted at five different

temperatures of the die. The following table © shows the

ejection forces and ejection energy needed to eject the
test samples from the die, the surface appearance of the

ejected samples, and the green density of the samples.
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Table o.
Stat Dyn.

Lubricant |Ejection] Green
E7. E ] Surface

C 1100MPa; lengergy density
iforce |forcelappearance ;

0.20 wt.% [(J/cm?) (g/cm”)
(kN) (kN)

L 1 . o _

RT 79 35 29 Perfect 7.09
40°C 77 32 26 Perfect 7.70
60°C 74 31 26 Perfect 7.70 |

- 80°C 73 36 25 Perfect 7.70
""_' | silightly |
100°C 80 41 29 7.70
scratched

10

15

20

From the table above 1t can be concluded that excellent
ejection properties can be obtailned below a die

temperature of 80°C.

Example 3.

This example 1llustrates the influence of added amount of
lubricant C on the ejection force and ejection energy
needed 1n order to eject the compacted sample from the
die as well as the surface appearances of the ejected
samples. The mixes were prepared according to example 1
with the exception that the lubricant levels of 0.05 %,
0.10 %, and 0.40% were added. Samples according to
example 1 were compacted at room temperature (RT). The
followlng table 7 shows the energy needed in order to
eject the samples from the die as well as the surface

appearances of the ejected sample.
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Table 7.

— . - —]

Lubricant |E]. Green

Surface

C 1100MPa; [Energy idensity

appearance ;

RT I(J/cmz) (g/cm”)
0.05% 197 Sei;ure 7.71 I
0.10% 151 Scratched 7.70 l
0.20% 79 Perfect 7.069

10

15

20

23

u __I _{__
0.40%-_J 70 Perfect 7.58

From table 7 it is shown that a content of at least 0.10
% of lubricant C is needed for this compaction pressure
in order to get acceptable ejection behaviour from the
die. Furthermore, the type of component geometry and tool

material are also expected to have influence on ejection.

Example 4.

This example illustrate the influence of the particle
size distribution on the ejection force and ejection

energy needed in order to eject the samples from the die

and the influence of the particle size distribution on
the surface appearance of the ejected sample when using
liquid lubricants according to the invention.

Example 1 was repeated with the exception of that a “fine

powder” was used in comparison to coarse powder (Table

4) .

The following table 8 shows the ejection force and energy
needed in order to eject the samples from the die as well

as the surface appearances of the ejected sample.
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Table 8.

| Lubricant C (0.20 wt.%)

1100MPa; RT Coarse
Fine powder
powder
Ej. energy - B
79 142
(J/cm?)
Stat. Ej. |
35 36
force (kN)
Dyn. Ej. | I
29 57
force (kN)
ISurface | | Slightly
Perfect
appearance scratched |
Green ) B
density 7.69 7.07
(g/cm’)
Overall -

Good Acceptable
‘performance

From the table above it can be seen that compositions

5 including the type of liquid lubricants defined above can
be used on both fine and coarse soft magnetic powder.
However, when coarse powders are used, both the surface
finish and the green density of the compacted part are
improved. Moreover, powder properties, such as apparent

10 density and flow, of fine powders are usually poor usilng
ligquid lubricants according to the invention.
Nevertheless, for applications without high requirements
on these powder properties fine powders.can provide
components of acceptable quality using the liquid

15 lubricants according to the i1nvention.



CA 02571777 2006-12-21

WO 2006/001763 PCT/SE2005/000977

10

15

20

25

30

14

Example 5.

This example illustrates the excellent magnetic
properties obtained using low contents of liquid
lubricants according to the 1nvention. In general, less
lubricating properties will result 1n decreased
electrical resistivity and increased core loss. However,
this example shows that even when the lubricating
performance is unacceptable, magnetic properties such as
maximum permeability can be acceptable (sample B). Such
lubricants, that show unacceptable lubricating
performance, cannot however be used 1n powders for large-
scale production due to poor surface finish and excessive

tool wear.

Conventional particulate lubricating systems such as
Kenolube® generally need higher amounts of lubricant
(>0.5 wt%) to reach similar lubricating performance. At
such high amounts of added lubricant, compaction
pressures above 800 MPa do not result in improved
magnetic properties as further improvements in density

levels cannot be obtalined (reference sample G).

Six mixes were prepared according to example 1. The
obtained mixes were transferred to a die and compacted
into 55/45 mm toroids, with a height of 5 mm, in a
uniaxially press movement at a compaction pressure of
1100 MPa. The samples were heat-treated in air at 530°C
for 30 min. The magnetic propertles were measured on the
toroids samples with 100 drive and 100 sense turns using
a Brockhaus hysteresisgraph. The following table 9 shows
the electrical resistivity as measured by the four-point

method, maximal permeability, the induction level at 10
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kA/m, as well as the core losses at 1T 400Hz, and 1lkHz,
respectively.
Table 9.
[Zaﬁii— Lubri- Density Resisti- [Maximal |[BRQ10 [Loss@1T
cant cating vity Perme- |kA/m |400Hz
10.20 Perfor- (ROhm-m) |ability | (T) (W/kg)
Wwt.% mance
___7;—_——ﬁccegk— 7.67 | 60 | 867 1.71 41 -
able
" B* | Unaccep-| 7.67 | 45 926 |1.71| 42 |
table
- C  |Excellent| 7.68 170 39
F“MB Good 7.68 | 85 40
|  E* Seizure | —- -— ‘ -— - -
F | Accept- 7.64 277 .72 | 47
aple
G** Good 7.50 300 44

5 * not according to the invention.
** Reference sample G 1s coarse powder mixed with 0.5%

Kenolube®.
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CLAIMS

1. A powder composition for compaction containing a 1ron

5 or iron-based powder, wherein the particles are
surrounded by an insulating inorganic coating, and as
lubricant at least one nondrying oil or liquilid having a
crystalline melting point below 25°C, a viscosity (n) at
40°C above 15 mPa-'s, wherein said viscosity 1is

10 temperature dependent according to the following formula:
lg(n) = k/T +C ,

wherein the slope k i1s above 800 (T is 1n Kelvin and C 1is

15 a constant),

in an amount between 0.05 and 0.40 % by weight of the

composition.

20 2. The powder composition as claimed in claim 1 whereiln
the lubricant 1s selected from the group consisting of
mineral oils, vegetable or animal based fatty acids,
polyethylene glycols, polypropylene glycols, glycerine,
and esterified derivates thereof, optionally in

25 combination with additives, such as “rheological
modifiers’”, “extreme pressure additives’”, “anti cold
welding additives”, “oxidation inhibitors” and “rust

1nhibitors”.

30 3. The powder composition as claimed 1in claim 1 or 2,
wherein the lubricant 1s included in an amount of 0.1-

0.3, preferably 0.15-0.25 % by weight.
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4. The powder composition as claimed in claim 3, which is

free from lubricant(s), which is (are) solid at ambient

temperature.

5 5. The powder composition as claimed in any one of the

claims 1-4, wherein less than about 5 3% by weight of the

powder particles have a size below 45 um.

6. A composition according to any of the claims 1-5,
10 wherein at least 40 %, preferably at least 60 % by weight

of the iron based powder consist of particles having a

particle size above about 106 pm.

7. A composition according to any ¢of the claims 1-6,

15 wherein at least 20 %, preferably at least 40 %, and most

\O

preferably at least 50 % by weight of the iron based

powder consist of particles having a particle size above

apbout 212 um.

20 8. The powder composition as claimed in claim 1, further
containing one or more additives selected from the group
consisting of organic bilnders and resins, flow—-enhancing

agents, processing alds and particulate lubricants.

25 9. A method for making heat-treated soft magnetic
components comprising the steps of:
a) mixing a soft magnetic iron or 1ron-based powder,
wherein the particles are surrounded by an inorganic
insulating layer, and as a lubricant a non-drying oil or
30 1liquid, which has a crystalline melting point below 25°C,
a viscosity (n) at 40 °C above 15 mPa-s and wherein said

viscosity 1is temperature dependent according to the

following formula:
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lg(n) =k/T +C

wherein the slope k 1s above 800
T is in Kelvin and
5 C 1is a constant
in an amount between 0.05 and 0.4 % by weight of the
composition and,
b) compacting the composition to a compacted body at a

pressure above about 600 MPa.
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