
(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2013/0266794 A1 

US 20130266794A1 

BERGMARK et al. (43) Pub. Date: Oct. 10, 2013 

(54) POWDER METAL POLYMER COMPOSITES Publication Classification 

(71) Applicant: HOGANASAB (PUBL), HOGANAS (51) Int. Cl. 
(SE) B22F 7/4 (2006.01) 

(52) U.S. Cl. 
(72) Inventors: PONTUS BERGMARK, BILLDAL CPC ........................................ B22F 704 (2013.01) 

(SE); BJORN SKARMAN, HOGANAS USPC ............................................ 428/322.7; 41.9/8 
(SE) (57) ABSTRACT 

A composite part including: a compacted powder composi 
(21) Appl. No.: 13/908,166 tion; and a polymer composite comprising nanometer-sized 

and/or micrometer-sized reinforcement structures, wherein 
the composite part has an interpenetrating network between 

(22) Filed: Jun. 3, 2013 the compacted powder composition and the polymer compos 
ite and wherein the reinforcement structures comprise one or 

O O more of particles, platelets, fibers, whiskers, and tubes. A 
Related U.S. Application Data composite part formed by a method including compacting a 

(62) Division of application No. 12/529,046, filed on Sep. powder composition including a lubricant into a compacted 
29, 2009, now Pat. No. 8,475,709, filed as application body; heating the compacted body to a temperature above the 
No. PCT/SE2008/050261 on Mar. 7, 2008. vaporization temperature of the lubricant such that the lubri 

cant is Substantially removed from the compacted body; Sub 
(60) typal application No. 60/907,115, filed on Mar. jecting the obtained heat treated compacted body to a liquid 

s polymer composite including nanometer-sized and/or 
O O micrometer-sized reinforcement structures; and Solidifying 

(30) Foreign Application Priority Data the heat treated compacted body comprising liquid polymer 
Mar. 21, 2007 (DK) ............................. PA200700435 composite by drying and/or by at least one curing treatment. 



US 2013/0266794 A1 

POWDER METAL POLYMER COMPOSITES 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application is a divisional of U.S. appli 
cation Ser. No. 12/529,046, filed on Sep. 29, 2009, which is a 
National Stage application continuation of International 
Application No. PCT/SE2008/050261, filed on Mar. 7, 2008, 
which claims the benefit of U.S. Provisional Application No. 
60/907,115, filed on Mar. 21, 2007, and which claims the 
benefit of Danish Application No. PA200700435, filed on 
Mar. 21, 2007. The entire contents of each of U.S. application 
Ser. No. 12/529,046, International Application No. PCT/ 
SE2008/050261, U.S. Provisional Application No. 60/907, 
115, and Danish Application No. PA200700435 are hereby 
incorporated herein by reference in their entirety. 

FIELD OF THE INVENTION 

0002 The present invention relates to a new method of 
producing a composite part. The method comprises the step 
of compaction of a powder composition into a compacted 
body, followed by a heat treatment step whereby an open pore 
system is created and followed by an infiltration step. The 
invention further relates to a composite part. 

BACKGROUND 

0003 Soft magnetic materials can be used for applications 
such as core materials in inductors, stators, and rotors for 
electrical machines, actuators, sensors, and transformer 
cores. Traditionally, soft magnetic cores, such as rotors and 
stators in electric machines, are made of Stacked steel-sheet 
laminates. However, in the last few years there has been a 
keen interest in so called Soft Magnetic Composite (SMC) 
materials. The SMC materials are based on soft magnetic 
particles, usually iron based, with an electrically insulating 
coating on each particle. By compacting the insulated par 
ticles, optionally together with lubricants and/or binders, 
using the traditionally powder metallurgy process, the SMC 
parts are obtained. By using the powder metallurgical tech 
nique it is possible to produce materials having a higher 
degree of freedom in the design of the SMC part compared to 
using steel-sheet laminates, as the SMC material can carry a 
three dimensional magnetic flux and as three dimensional 
shapes can be obtained with the compaction process. 
0004 As a consequence of the increased interest in the 
SMC materials, improvements of the soft magnetic charac 
teristics of the SMC materials is the subject of intense studies 
in order to expand the utilization of these materials. 
0005. In order to achieve such improvement, new powders 
and processes are continuously being developed. 
0006 Two key characteristics of an iron core component 
are its magnetic permeability and core loss characteristics. 
The magnetic permeability of a material is an indication of its 
ability to become magnetized or its ability to carry a magnetic 
flux. Permeability is defined as the ratio of the induced mag 
netic flux to the magnetizing force or field intensity. When a 
magnetic material is exposed to an alternating field, such as 
for example an alternating electric field, energy losses occur 
due to both hysteresis losses and eddy current losses. The 
hysteresis loss is brought about by the necessary expenditure 
of energy to overcome retained magnetic forces within the 
iron core component and is proportional to the frequency of 
e.g. the alternating electrical field. The eddy current loss is 
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brought about by the production of electric currents in the iron 
core component due to the changing flux caused by alternat 
ing current (AC) conditions and is proportional to the square 
of the frequency of the alternating electrical field. A high 
electrical resistivity is then desirable in order to minimize the 
eddy currents and is of special importance at higher frequen 
cies, such as for example above about 60 Hz. In order to 
decrease the hysteresis losses and to increase the magnetic 
permeability of a core component it is generally desired to 
heat-treat a compacted part whereby the induced stresses 
from the compaction are reduced. Furthermore, in order to 
reach desired magnetic properties, such as high magnetic 
permeability, high induction and low core losses, high density 
of the compacted part is often needed. High density is here 
defined as a density above 7.0, preferably above 7.3 most 
preferably about 7.5 g/cm for an iron-based compacted part. 
0007. In addition to the soft magnetic properties, sufficient 
mechanical properties are essential. High mechanical 
strength is often a prerequisite to avoid introducing cracks, 
laminating, and break-outs and to achieve good magnetic 
properties of compacts which after compaction and heat treat 
ment have been Subjected to machining operations. Also, 
lubricating properties of an impregnated polymer network 
can increase the lifetime of cutting tools considerably. 
0008. In order to be able to expand the utilization of SMC 
components, high strength at elevated temperature is an 
important property Such as for example for components used 
in applications such as motor cores, ignition coils, and injec 
tion valves in automobiles. 
0009. By admixing a binder to the SMC powder before 
compaction, improved mechanical strength of the compacted 
and heat treated component can be obtained. In the patent 
literature several kinds of organic resins, such as thermoplas 
tics and thermoset resins, inorganic binders such as silicates 
or silicon resins, are reported. The heat treatment of organic 
resin bonded components is restricted to comparatively low 
temperatures, below about 250° C., as the organic material 
destroys attemperature above about 250° C. The mechanical 
strength of heat treated organic bonded components at ambi 
ent conditions is good, but deteriorates above 100° C. Inor 
ganic resins can be subjected to higher temperatures without 
effecting the mechanical properties, however, the use of inor 
ganic binders are often associated with poor powder proper 
ties, poor compressibility, poor machinability and often 
needed in high amounts that precludes higher density levels. 
0010 U.S. Pat. No. 6,485,579 describes a method of 
increasing the mechanical strength of SMC component by 
heat treating the component in the presence of water vapor. 
Higher values for the mechanical strength are reported com 
pared to components heat treated in air, however, increased 
core losses are obtained. A similar method is described in WO 
2006/135324 where high mechanical strength in combination 
with improved magnetic permeability are obtained provided 
metal free lubricants are used. The lubricants are evaporated 
in a non-reducing atmosphere before subjecting the compo 
nent to water vapor. However, the oxidation of the iron par 
ticles, when the component is subjected to steam treatment, 
will also increase the coercive forces and thus core losses. 

0011 Impregnation, infiltration, and sealing of die casts or 
powder metal (P/M)-components, e.g., by an organic net 
work, are known methods in order to prevent Surface corro 
sion or seal Surface porosity. Highly dependent on density and 
processing conditions of P/M parts, the degree of penetration 
of the organic network will vary. Low density levels (<89% of 
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the theoretical density) and mild sintering conditions or heat 
treatments provide for easy penetration and full impregna 
tion. For high performance materials having high density and 
low porosity the prerequisites to reach full impregnation are 
limited. 
0012 Impregnation of SMC components to improve the 
machinability for producing prototype components, or to 
improve the corrosion resistance, is shown for example in 
patent application JP 2004/178,643 where the impregnation 
liquid constitutes of oils in general. Besides the marginally 
improved machinability of this method it results in greasy and 
slippery Surfaces, worse to handle. Oil does not greatly 
improve cutting tool life because it never becomes solid. In 
the same way, uncured or soft sealants offer little value to 
machining. A reliable cure mechanism for the polymer 
together with high mechanical strength of the composite part 
is the best assurance of consistent machining performance. 
0013 U.S. Pat. No. 6,331.270 and U.S. Pat. No. 6,548,012 
both describe processes for manufacturing AC soft magnetic 
components from non-coated ferromagnetic powders by 
compaction of the powders together with a suitable lubricant 
followed by heat treatment. It is also stated that for applica 
tions requiring higher mechanical strength, the components 
may be impregnated, for example with epoxy resin. As non 
coated powders are used, these methods are less Suitable due 
to high eddy current losses obtained if the components are 
used for applications Subjected to higher frequencies, above 
about 60 Hz. U.S. Pat. No. 5,993,729 deals mainly with 
uncoated iron-based powder and infiltration of low density 
compacts produced with the aid of die wall lubrication. The 
patent also mentions powders, wherein the particles are indi 
vidually coated with a non-binding electro-insulating layer, 
comprising of oxides applied either by sol-gel process or by 
phosphatation. The compacted Soft magnetic elements 
according to U.S. Pat. No. 5,993,729, are restricted to appli 
cations working at low frequencies, below about 60Hz, due to 
poor electrical resistivity. In addition, the oxidative heat treat 
ment of powder or compacts before the impregnation process 
will restrict or fully prevent pore penetration of the impreg 
nating liquid, especially for compacts of high density, above 
about 7.0 g/cm, and especially above about 7.3 g/cm. 

OBJECT OF THE INVENTION 

0014. An object of the present invention is to provide a 
method for increasing the mechanical strength of heat treated 
(SMC) components, especially components having a density 
above about 89% of the theoretical density, (for components 
produced from iron-based powders above about 70 g/cm.) 
and having lower coersivity compared to SMC compacts 
where higher mechanical strength has been achieved by con 
ventional heat treatment in an oxidizing atmosphere. 
0015. A further object of the invention is to provide a 
method for manufacturing impregnated components having 
both high density and high mechanical strength at elevated 
temperatures, for example above about 150° C. 

SUMMARY OF THE INVENTION 

0016. The above mentioned objects of the invention are 
obtained by a method for producing composite parts, the 
method comprising the steps of compacting a powder com 
position comprising a lubricant into a compacted body; heat 
ing the compacted body to a temperature above the vaporiza 
tion temperature of the lubricant such that the lubricant 
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Substantially is removed from the compacted body, Subject 
ing the obtained heat treated compacted body to a liquid 
polymer composite comprising nanometer-sized and/or 
micrometer-sized reinforcement structures, and Solidifying 
the heat treated compacted body comprising liquid polymer 
composite by drying and/or by at least one curing treatment. 
0017. By subjecting the heat treated compacted body to a 
liquid polymer comprising nanometer-sized and/or microme 
ter-sized reinforcement structures, the liquid polymer com 
posite is enabled to impregnate and/or infiltrate the heat 
treated compacted body, also if the compacted body com 
prises Small cavities. By Subsequently solidifying the heat 
treated compacted body comprising the liquid polymer com 
posite provides an interpenetrating network comprising 
nanometer-sized and/or micrometer-sized reinforcement 
structures which thereby results in a heat treated compacted 
body with increased mechanical strength and increased 
machinability compared to conventional impregnation and/or 
infiltration methods. 
0018. The organic interpenetrating network of the present 
invention, gives besides an improved mechanical strength, 
also enhanced machinability properties, as compared to con 
ventional impregnation or infiltration methods. The organic 
polymer may be chosen to give the impregnated compact high 
mechanical strength at elevated temperatures, above about 
100 MPa at about 150° C. 
0019. The present invention allows successful impregna 
tion of compacts of up to 98% of theoretical density. Also, the 
introduction of an interpenetrating network, which may have 
lubricating properties, into a compacted body may consider 
ably increase the lifetime of cutting tools and machinery used 
to process the heat treated compacted body compared to 
conventional impregnation and/or infiltration methods. 
0020. In an embodiment of the invention, the powder com 
position further comprises a soft magnetic powder, preferably 
iron-based soft magnetic particles, wherein the particles fur 
ther comprise an electrically insulated coating. 
0021. Thus, the method may also produce soft magnetic 
parts/components and thereby combine the increased 
mechanical strength of the heat treated compacted body with 
improved soft magnetic properties. 
0022. Still further, the method may improve the machin 
ability properties of an SMC component, which may preserve 
good magnetic properties after a machining operation. 
0023. Additionally, the method enables manufacturing of 
impregnated Soft magnetic components having both high 
density and high mechanical strength. The increased density 
and mechanical strength may also be present at elevated tem 
peratures, for example above about 150° C. 
0024. Additionally, the invention thus provides a method 
for producing a soft magnetic composite component having 
noise reducing or acoustic damping properties for, e.g. noise 
caused by dynamic forces Such as magnetostriction forces. 
0025. In an embodiment of the invention, the reinforce 
ment structures comprise carbon nanotubes preferably 
single-wall nanotubes. 
0026. The carbon nanotubes provide increased strength to 
the heat treated compacted body. The reinforcement struc 
tures may have been chemically functionalized 
0027. In an embodiment of the invention, the method fur 
ther comprises the step of sintering the heat treated body after 
the heat treatment of the compacted body. 
0028. In this way, the method according to the invention 
may be applied on for example sintered parts. Thus, compo 
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nents Subjected to heating temperatures at which sintering 
occur may also be produced by the method. In case of sinter 
ing, the powderparticles do not need to be coated. 
0029. Further embodiments of the method are described in 
the detailed description below together with the dependent 
claims and the figures. 
0030 Additionally, the invention further describes a com 
posite part. 

DETAILED DESCRIPTION OF THE INVENTION 

0031. In contrast to known impregnation or infiltration 
methods, the present invention enables the polymer compos 
ite liquid to fully penetrate bodies even of such high densities 
as 7.70 g/cm for compacts produced of iron based powders. 
An impregnated SMC compact according to the present 
invention can thus exhibit unexpectedly high mechanical 
strength in a wide interval from cryogenic to high tempera 
tures (for example above about 150° C.), improved machin 
ing properties, and improved corrosion resistance. 
0032. A further aspect of polymer impregnated SMC com 
pacts is an apparent damping of acoustic properties (i.e. noise 
reduction) at high induction and high frequency applications. 
The noise arising from dynamic forces as e.g. magnetostric 
tion, or other mechanical loads, can be reduced with an 
impregnation, as compared to non-impregnated compacts. 
The noise reduction increases with the volume fraction of 
impregnant (i.e. lower compacted density). 
0033. The soft magnetic powders used according to the 
present invention may be electrically insulated iron-based 
powders such as pure iron powders or powders comprising an 
alloy of iron and other elements such as Ni, Co, Si, or Al. For 
example, the soft magnetic powder may consist Substantially 
of pure iron or may at least be iron-based. For example, Such 
a powder could be e.g. commercially available water-atom 
ized or gas-atomized iron powders or reduced iron powders, 
Such as Sponge iron powders. 
0034. The electrically insulating layers, which may be 
used according to the invention, may be thin phosphorous 
comprising layers and/or barriers and/or coatings of the type 
described in the U.S. Pat. No. 6,348,265, which is hereby 
incorporated by reference. Other types of insulating layers 
may also be used and are disclosed in e.g. the U.S. Pat. Nos. 
6,562.458 and 6,419,877. Powders, which have insulated par 
ticles and which may be used as starting materials according 
to the present invention, are e.g. Somaloy(R500 and Soma 
loy(R700 available from Höganäs AB, Sweden. 
0035. The type of lubricant used in the metal powder com 
position may be important and may, for example, be selected 
from organic lubricating Substances that vaporize attempera 
tures above about 200° C. and if applicable below a decom 
position temperature of the electrically insulating coating or 
layer 
0036. The lubricant may be selected to vaporize without 
leaving any residues that can block pores and thereby prevent 
Subsequent impregnation to take place. Metal Soaps, for 
example, which are commonly used for die compaction of 
iron or iron-based powders, leave metal oxide residues in the 
component. However, in case of density less than 7.5 g/cm, 
the negative influence of these residues is less pronounced, 
permitting the use of metal-containing lubricants at this con 
dition. 
0037 Another example of lubricating agents are fatty 
alcohols, fatty acids, derivatives of fatty acids, and waxes. 
Examples of fatty alcohols are stearyl alcohol, behenyl alco 
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hol, and combinations thereof. Primary and secondary 
amides of Saturated or unsaturated fatty acids may also be 
used e.g. Stearamide, erucyl Stearamide, and combinations 
thereof. The waxes may, for example, be chosen from poly 
alkylene waxes, such as ethylene bis-Stearamide. 
0038. The amount of lubricant used may vary and may for 
example be 0.05-1.5%, alternatively 0.05-1.0%, alternatively 
0.1-0.6% by weight of the composition to be compacted. 
0039. An amount of lubricantofless than 0.05% by weight 
of the composition may give poor lubricating performance, 
which may result in Scratched Surfaces of the ejected compo 
nent, which in turn may block the Surface pores and compli 
cate the Subsequent vaporization and impregnation processes. 
The electrical resistivity of compacted components produced 
from coated powders may be affected negatively, mainly due 
to a deteriorated insulating layer, caused by both poor internal 
and external lubrication. 
0040. An amount of lubricant of more than 1.5% by 
weight of the composition may improve the ejection proper 
ties but generally results in too low green density of the 
compacted component, thus, giving low magnetic induction 
and magnetic permeability. 
0041. The compaction may be performed at ambient or 
elevated temperature. The powder and/or the die may be 
preheated before compaction. For example, the die tempera 
ture may be adjusted to a temperature of not more than 60° C. 
below the melting temperature of the used lubricating sub 
stance. For example, for Stearamide, the die temperature may 
be 40-100°C., as stearamide melts at approximately 100° C. 
0042. The compaction may be performed between 400 
and 1400 MPa. Alternatively, the compaction may be per 
formed at a pressure between 600 and 1200 MPa. 
0043. The compacted body may subsequently be sub 
jected to heat treatment in order to remove the lubricant in a 
non-oxidative atmosphere at a temperature above the vapor 
ization temperature of the lubricant. In case the powder is 
coated with an insulating layer—the heat treatment tempera 
ture may be below the temperature of the decomposition 
temperature of the inorganic electrically insulating layer. 
0044) For example, for many lubricants and insulating 
layers this means that the vaporization temperature should be 
below 650° C., e.g. below 500° C. such as between 200 and 
450° C. The method according to the present invention, how 
ever, is not particularly restricted to these temperatures. The 
heat treatment may be conducted in an inert atmosphere, in 
particular a non-oxidizing atmosphere. Such as for example 
nitrogen or argon. 
0045. If the heat treatment is conducted in an oxidative 
atmosphere, Surface oxidation of the iron or iron-based par 
ticles may take place and may restrict or prevent an impreg 
nant, (i.e. impregnation liquid) to flow into the porous net 
work of the compacted body. The extent of the oxidation is 
dependent on the temperature and oxygen potential of the 
atmosphere. For example, if the temperature is less than about 
400°C. in air, an adequate penetration of impregnant can take 
place. This may give the impregnated compact an acceptable 
mechanical strength, but may yield an unacceptable stress 
relaxation with poor magnetic properties as a consequence. 
0046. The delubricated body may subsequently be 
immersed into an impregnant, for example in a impregnation 
container. Subsequently, the pressure in the impregnation 
container may be reduced. After the pressure of the impreg 
nation container has reached approximately below 0.1 mbar, 
the pressure is returned to atmospheric, whereby the impreg 
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nant is forced to flow into the pores of the compacted body 
until the pressure is equalized. Depending on the Viscosity of 
the impregnant, density of the compact, and size of the com 
pact, the time and pressure required to fully impregnate the 
compact may vary. 
0047. The impregnation may be conducted at elevated 
temperatures (for example up to 50° C.) in order to decrease 
the viscosity of the liquid and improve the penetration of the 
impregnant into the compacted body, as well as to reduce the 
time required for the process. 
0048. Further, the compact may be subjected to a reduced 
pressure and/or elevated temperatures before it is immersed 
in the impregnant. Thereby, entrapped air and/or condensed 
gases present inside the compacts may be removed and thus, 
the Subsequent impregnation may proceed faster. The pen 
etration may also proceed faster and/or more completely if the 
pressure is raised above ambient pressure level after the 
impregnation treatment in low pressure. 
0049. However, care must be taken that the stoichiometry 
of the impregnant is not altered by losses of volite material 
during the vacuum process. Thus, the impregnation time, 
pressure, and temperature may be decided by a person skilled 
in the art in view of the component density, the temperature 
and/or atmosphere wherein the component was heat treated, 
as well as desired strength, penetration depth, and the type of 
impregnant. 
0050. The impregnation process is initiated at the surface 
of the compacted body and penetrates in towards the center of 
the body. In some cases a partial impregnation may be accom 
plished and thus according to one embodiment of the inven 
tion the impregnation process is terminated before the Sur 
faces of all particles of the compacted body have been 
Subjected to the impregnation liquid. In this case an impreg 
nated crust may surround an unimpregnated core. Thus, pro 
vided the degree of penetration has given the component an 
acceptable level of mechanical strength and machining prop 
erties, the impregnation process may be terminated before 
complete penetration throughout the compacted body has 
taken place. 
0051. In cases where the chemical compatibility between 
the metal network of the compacted body and the impregnant 
is not favorable, the surface of the interpenetration voids of 
the compacted body may be treated with surface modifiers, 
cross-linkers, coupling and/or wettability agents, such as 
organic functional silanes or silaZanes, titanates, aluminates, 
or Zirconates, prior to impregnation treatment according to 
the invention. Other metal alkoxides as well as inorganic 
silanes, silaZanes, siloxanes, and silicic acid esters may also 
be used. 
0052. In some cases where the penetration of the liquid 
polymer composite into the compacted body is especially 
difficult, the impregnation process may be improved with the 
help of magnetostriction forces. The parts, the compacted 
body and the impregnation fluid, may thereby be exposed to 
an external alternating magnetic field during the impregnat 
ing process. 
0053 Superfluous impregnant may be removed before the 
impregnated compact is cured at elevated temperature and/or 
anaerobic atmosphere. The Superfluous impregnant may for 
example be removed by centrifugal force and/or pressurized 
air and/or by an immersion in a suitable solvent. Procedures 
of impregnation, such as for example the methods employed 
by SoundSeal AB, Sweden, and P. A. System Srl, Italy, may be 
applied. The process of removing Superfluous impregnant 

Oct. 10, 2013 

may, for example, be performed batchwise in vacuum cham 
bers and/or vacuum furnaces that are commercially available. 
0054 The polymer systems for impregnation according to 
the present invention may, for example, be curable organic 
resins, thermoset resins, and/or meltable polymers that 
solidify below their melting temperature to a thermoplastic 
material. 
0055. The polymer system may be any system or combi 
nation of systems that suitably allow for integration with 
nanometer-sized structures by physical and/or chemical 
forces such as for example Van der Waals forces, hydrogen 
bonds, and covalent bonds. 
0056. In order to simplify handling and to use the resin in 
continuous operations, the polymer systems may for example 
be chosen from the group of resins which cure at elevated 
temperatures (e.g. above about 40°C.) and/or in an anaerobic 
environment. Examples of Such polymer Systems for impreg 
nation may, for example, be epoxy or acrylic type resins 
showing low viscosity at room temperature and having good 
thermo stability. 
0057 Thermoset resins according to the present invention, 
may, for example, be cross-linked polymer species such as 
polyacrylates, cyanate esters, polyimides and epoxies. Ther 
moset resins exemplified by epoxies may be resins wherein 
cross-linking occurs between the epoxy resin species com 
prising epoxide groups and curing agents composing corre 
sponding functional groups for crosslinking. The process 
crosslinking is termed "curing”. 
0058. The polymer system can be any system or combi 
nation of systems that suitably allow for integration with 
nanometer-sized structures by physical and chemical forces 
as Vander Waals forces, hydrogen bonds, and covalent bonds. 
0059 Examples of epoxies include, but are not limited to, 
diglycidyl ether of bisfenol A (DGBA), bisfenol F type, tet 
raglycidyl methylene dianiline (TGDDM), novolac epoxy, 
cycloaliphatic epoxy, brominated epoxy. 
0060 Examples of corresponding curing agents comprise, 
but are not limited to, amines, acid anhydrides, and amides 
etc. The variety of curing agents may further be exemplified 
by amines; cycloalifatic amines Such as bis-paraminocyclo 
hexylmethane (PACM), alophatic amines such as tri-etylene 
tetra-amine (TETA) and di-etylene-th-amine (DETA), aro 
matic amines Such as diethyl-toluene-diamine and others. 
0061 Anaerobe resins may be selected from any polymer 
or oligomer base that is crosslinked on removal of oxygen, 
exemplified by acrylics as urethane acrylate, metacrylate, 
methyl methacrylate, methacrylate ester, polygycole di- or 
monoacrylate, allyl methacrylate, tetrahydrofurfuryl meth 
acrylate and more complex molecules as hydroxiethyl 
methacrylate-N N-dimethyl-p-touidin-N-oxide and com 
binations hereof. 
0062. Thermoplastics according to the invention may be 
meltable materials that also may be heated for impregnation. 
Examples of materials for impregnation comprise a range 
from low temperature polymers such as polyethylene (PE), 
polypropylene (PP), ethylenevinyleacetate to high tempera 
ture materials such as polyeterimide (PEI), polyimide (PI), 
fluorethylenepropylene (FEP), and polyphenylenesulfide 
(PPS), polyetersulfone (PES) etc. The polymer systems may 
further comprise additives such as, but not limited to, plasti 
cizers, anti-degradation agents as antioxidants, diluents, 
toughening agents, synthetic rubber and combinations 
thereof. 
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0063. The polymer system design makes it possible to 
reach the desired properties of the impregnated compacted 
body such as improved mechanical strength, temperature 
resistance, acoustic properties and/or machinability. 
0064. The present invention permits design and engineer 
ing of a variety of polymer phases for a variety of applications 
by incorporation of nanometer-sized and/or micrometer 
sized reinforcement structures such as for example particles, 
platelets, whiskers, fibers, and/or tubes as functional fillers in 
the polymer systems. The term "nanometer-size' is here 
meant as sizes wherein at least two dimensions of a three 
dimensional structure is in the range of 1 nm to 200 nm. Also, 
micrometer-sized materials such as fibers, whiskers, and par 
ticles in the range of 200 nm to 5 um may, for example, be 
used when the interpenetrating network Voids in e.g. a com 
pacted body are large. 
0065. These structures may contribute with improved 
properties to the interpenetrating networks of the polymer 
systems/impregnants. To accomplish a desired dispergation 
in the polymer phase, the nanometer-size structures may be 
chemical functionalized. The functionalized nanometer-size 
and/or micrometer-sized structures may further be dispersed 
in the polymer phase by adding with compatible solvents, 
treating with heat, treating with vacuum, stirring, calender 
ing, or ultrasonic treatment, forming a here denoted liquid 
polymer composite. 
0066 Carbon nanotubes (CNT), i.e. single- or multi 
walled nanotubes (SWNT, MWNT) and/or other nanometer 
sized materials may, for example, be used as reinforcement 
structures in the polymer systems. 
0067. At least two dimensions of each individual constitu 
ent of a functional filler and/or reinforcement structure may, 
for example, be less than 200 nm, alternatively for example 
less 50 nm, and alternatively less than 10 nm. 
0068. The shape of the functional filler and/or reinforce 
ment constituents may, for example, be elongated. Such as 
tubes and/or fibers and/or whiskers for example showing 
lengths between 0.2 Lum to 1 mm. 
0069. The surface of the functional filler and/or reinforce 
ment constituents may, for example, be chemically function 
alized in order to be compatible with a chosen polymer sys 
tem. Thereby, the functional filler and/or reinforcement 
constituents may become Substantially completely dispersed 
in the polymer system and to avoid aggregation. Such func 
tionalization may, for example, be conducted using Surface 
modifiers, cross-linkers, coupling- and/or wettability agents, 
which can be various types of organic functional silanes or 
silaZanes, titanates, aluminates, or Zirconates. Other metal 
alkoxides as well as inorganic silanes, silaZanes, siloxanes, 
and silicic acid esters may also be used. 
0070 Nanometer-sized structures, such as carbon nano 
tubes and nanoparticles, are available from many and increas 
ing amount of Suppliers. Polymer resins reinforced with 
CNTs are commercially available from for example Amroy 
Europe, Inc (Hybtonite(R) or Arkema/Zyvex Ltd (Nano 
Solve(R). 
0071. In general, any of the technical features and/or 
embodiments described above and/or below may be com 
bined into one embodiment. Alternatively or additionally any 
of the technical features and/or embodiments described 
above and/or below may be in separate embodiments. Alter 
natively or additionally any of the technical features and/or 
embodiments described above and/or below may be com 
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bined with any number of other technical features and/or 
embodiments described above and/or below to yield any 
number of embodiments. 

0072 Although some embodiments have been described 
and shown in detail, the invention is not restricted to them, but 
may also be embodied in other ways within the scope of the 
Subject matter defined in the following claims. In particular, it 
is to be understood that other embodiments may be utilized 
and structural and functional modifications may be made 
without departing from the scope of the present invention. 
0073. In device claims enumerating several means, several 
of these means can be embodied by one and the same item of 
hardware. The mere fact that certain measures are recited in 
mutually different dependent claims or described in different 
embodiments does not indicate that a combination of these 
measures cannot be used to advantage. 
0074. It should be emphasized that the term “comprises/ 
comprising when used in this specification is taken to 
specify the presence of stated features, integers, steps or 
components but does not preclude the presence or addition of 
one or more other features, integers, steps, components or 
groups thereof. 
0075. As can be seen from the following examples, a novel 
type of soft magnetic composite components can be obtained 
by the method according to the invention. 

EXAMPLES 

0076. The invention is further illustrated by the following 
non-limiting examples. 

Example 1 

(0077. As starting material Somaloy(R 700 available from 
Höganäs AB was used. One composition, (sample A), was 
mixed with 0.3 weight% of an organic lubricant, stearamide, 
and a second composition, (sample B), with 0.6 wt % of an 
organic lubricant binder, the polyamide Orgasol (R) 3501. 
(0078. The compositions were compacted at 800 MPa into 
toroid samples having an inner diameter of 45 mm, outer 
diameter of 55 mm and height of 5 mm, and into Transverse 
Rupture Strength samples (TRS-samples) to the densities 
specified in table 1. The die temperature was controlled to a 
temperature of 80° C. 
0079. After compaction the samples were ejected from the 
die and subjected to heat treatment. Three compacts of 
sample A were treated at 530°C. for 15 minutes in an atmo 
sphere of air (A1) and nitrogen (A2, A3), respectively. 
Sample A2 was further subjected to impregnation according 
to the invention using an epoxy resin reinforced with CNTs. 
The third compact of sample A, treated in nitrogen, was 
further subjected to steam treatment at 520° C. according to 
the process described in WO 2006/135324 (A3). A compact 
of sample B was treated at 225°C. for 60 minutes in air. 
0080 Transverse Rupture Strength was measured on the 
TRS- samples according to ISO 3995. The magnetic proper 
ties were measured on toroid samples with 100 drive and 100 
sense turns using a hystehsisgraph from Brockhaus. The coer 
civity is measured at 10 kA/m, and the core loss is measured 
at 1T and 400 HZ. 
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TABLE 1. 

Heat Density TRS 
Sample Additive Treatment Atmosphere g/cm3 MPa) 

A1 (ref) 0.30 wt % 530° C., N2 7.54 43 
A2 Stearamide 15 min N2 + Impreg. 7.54 120 
A3 N2 + Steam 7.54 130 
B O.60 wt % 225° C., AIR 740 105 

Polyamide 60 min 

0081. As can be seen from table 1, high mechanical 
strength of the samples can be reached by a process according 
to the invention (A2), by internal oxidation (A3), or by adding 
an organic binder to the powder composition (B). However, 
the use of the organic binder restricts the heat treatment 
temperature to 225°C., giving poor magnetic properties. The 
steam treated sample (A3), shows high strength, but high 
coercivity (H) compared to the impregnated sample (A2). 
The sample produced according to the invention (A2) exhibit 
high mechanical strength in combination with low coercive 
force. 

Example 2 

0082 An electrically insulated soft magnetic powder, 
Somaloy(R 700, available from Höganäs AB, was mixed with 
0.5 wt % of stearamide (C), Ethylene bisstearamide wax 
(EBS wax) (D), and Zn-stearate (E), respectively, and com 
pacted to 7.35 g/cm. The samples were further subjected to a 
heat treatment for 45 minutes in air at 350° C., or in an 
atmosphere of nitrogen at 530° C. One sample with steara 
mide (C2) was delubricated in air at 530°C. All delubricated 
components were thereafter Subjected to impregnation 
according to the invention using an epoxy resin reinforced 
with CNTs. 

0083. The magnetic and mechanical properties were mea 
Sured according to example 1 and Summarized in table 2 
below. 

TABLE 2 

Resis- Core Overall 
Vaporization TRS tivity loss perfor 

Sample Treatment MPa LIOhm'm W/kg) mance 

C 1. 350° C. Air 1OO 500 70 Poor 
(Stearamide) 2.530° C. Air 50 200 SO Poor 

3.530° C. N. 120 150 55 Good 
D 1. 350° C. N. 40 450 73 Poor 
(EBS Wax*) 2.530° C. N. 120 120 58 Accept 

able 
E 1. 350° C. N. 40 400 76 Poor 
(Zn-Stearate) 2.530° C. N. 90 100 73 Accept 

able 

*Ethylene bis-stearamide (Acrawax (R) 

0084 As can be seen from table 3, the atmosphere and the 
temperature, at which the vaporization is conducted is of 
great importance. 
0085 Stearamide (sample C) is completely vaporized 
above 300° C. in both inert gas atmosphere and in air. If the 
vaporization is performed in air at a too high temperature, the 
Surface pores are blocked and prevents a Subsequent impreg 
nation to succeed giving low TRS (C2). If the heat treatment 
is conducted in an oxidative atmosphere at a lower tempera 

TS 
MPa) 

8 
62 
66 
40 
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Coercive 
Force, 
HAm 

2OO 
18O 
220 
3OO 

ture, the impregnation can be successful, but gives unaccept 
able magnetic properties (C1). 
I0086. The EBS wax (sample D) cannot be vaporized at 
350° C., but is removed from the compact at above 400° C. If 
the vaporization temperature is too low, the residual organic 
lubricant will block the pores. Zn-stearate is vaporized at 
above 480°C., but leaves ZnO which leads to poorly impreg 
nated compacts having low strength. The highest possible 
vaporization temperature is preferred as this gives desired 
strain relaxation and thus lowers coercivity and core loss. 

Example 3 

I0087. In this example, Somaloy R500 powder, available 
from Höganäs AB, having a mean particle size Smaller than 
the mean particle size of Somaloy(R)700 was used. Soma 
loy(R500 was mixed with 0.5 wt % of stearamide and com 
pacted at 800 MPausing a tool die temperature of 80°C. Two 
compact samples was further Subjected to a heat treatment in 
inert gas for 15 minutes at 500°C. (sample F and G). Sample 
G was further Subjected to impregnation according to the 
invention using an anaerobic acrylic resin reinforced with 
CNTs. 

I0088. The magnetic and mechanical properties were mea 
Sured according to example 1. 

TABLE 3 

Core 
Density TRS Resistivity loss 

Sample gfcm3 MPa) Ohmm) W/kg) 

F (Stearamide) 7.36 45 200 65 
G (Stearamide) 7.36 130 200 65 

I0089 Table 3 clearly shows that the invention can be used 
for manufacturing components based on electrically insu 
lated powders having finer particle size. 

Example 4 

0090. As starting material Somaloy(R700, available from 
Höganäs AB, was used. All powder samples were mixed with 
0.3 weight 96 of an organic lubricant, Stearamide. The com 
positions were compacted at 1,100 MPa into TRS- bars (30x 
12x6 mm) of density 7.58 g/cm. The die temperature was 
controlled to a temperature of 80°C. The mechanical prop 
erties were measured according to example 1 and Summa 
rized in table 4 below. 
0091 After compaction the samples were subjected to a 
heat treatment in inert atmosphere for 15 minutes at 550° C. 
The porous network of the compacts were thereafter impreg 
nated according to the invention using various types of 
impregnants, i.e. reinforced curable polymers systems. All 
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liquid polymer composites show low viscosity at ambient 
temperature. As reinforcement was SWNT used with 1.0% 
per weight of polymer. 

TABLE 4 

TRS TBS 
Polymer Rein- (a)RT (a)150° C. 

Sample resin Hardener forcment MPa) MPa) 

H (Ref) None None None 40 40 
I Epoxi type Amroy None 70 50 

polymer CA 25 CNT 130 110 
(Amroy G4) 

J Epoxi type Isoforon- None 65 60 
polymer diamine CNT 120 110 
(TGDDM) 

K Acrylic-type Anaerobic None 60 45 
polymer CNT 120 105 

(Omnifit 230M) 
L Thermoplatic None 70 65 

polymer None CNT 120 110 

(PP) 

0092. As can been seen from Table 4, the TRS is improved 
significantly for all types, but when reinforced the improve 
ment of mechanical strength (e.g., TRS) is Superior. By care 
fully choosing the polymer system (i.e. impregnant) the 
mechanical strength can be retained at temperatures of 150° 
C. or higher. 

Example 5 

0093. As starting material Somaloy(R700, available from 
Höganäs AB, was used. All powder samples were mixed with 
0.3 weight% of an organic lubricant, stearylerucamide (SE). 
The compositions were compacted at 800 MPa or 1,100 MPa 
using a die temperature of 60°C., to a density of 7.54 g/cm, 
except for sample M3, which were compacted to 7.63 g/cm 
using 0.2 wt % SE. 
0094. After compaction the samples were subjected to a 
heat treatment in inert atmosphere at 550° C. for 15 minutes. 
The porous network of the compacts were thereafter filled 
using various types of impregnants, such as curable polymers 
systems or non-curable oils, either reinforced or not. All 
impregnants show low viscosity at ambient temperature and 
are listed in Table 5. 

0095. The magnetic properties were measured on OD64x 
H20 mm cylinders after machining by turning into OD64/ 
ID35x1-114.5 mm toroids (100 drive and 50 sense). 

TABLE 5 

TRS Coer- Max. 
Rein- (a) RT civity perme- Machin 

Impregnant forcement MPa A/m) ability ability 

M. Epoxy resin 1. None 70 18O 500 Acceptable 
2. CNT 120 175 550 Excellent 
3. CNTs 1OO 170 570 Good 

N. Acrylic resin 1. None 8O 182 350 Acceptable 
(Loctite (R) 290) 2. CNT 130 178 450 Good 
O. Thermoplastic 1. None 60 184 450 Acceptable 
(LDPE) 2. CNT 120 18O 550 Excellent 
P. Oil None 45 18S 280 Poor 
(Nimbus (R) 410) 
Q. Loctite None 65 18O 360 Acceptable 
Resino RTC 
R. Reference 1 120 225 250 Very poor 
Steam treated 
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TABLE 5-continued 

TRS Coer- Max. 
Rein- (a) RT civity perme- Machin 

Impregnant forcement MPa A/m) ability ability 

S. Reference 2 55 210 230 Poor 
Conventional 

Pressed density 7.63 gem3 
Machined after steam treatment 

**Green machined and subsequently heat treated in air at 530°C. 

0096 Low permeability can indicate presence of cracks 
and lamination, which derives from abrasive forces and vibra 
tions during the machining work. Also, the coercive force 
may be increased if the machining properties are reduced. 
0097. Signs of poor machining properties are smeared 
surface finish, break-outs, 10 cracks, and tool wear. Sample P 
to S are incorporated for comparison. 
0.098 Parts which have been green machined (S) and oxi 
dized for improved strength (R), show not only high coerciv 
ity, but also poor machining properties and, thus, poor mag 
netic properties. Excellent magnetic properties 15 after 
machining can be obtained when the impregnator show good 
machining properties together with high mechanical strength, 
especially samples M-2, N-2, and O-2. 

1. A composite part comprising: 
a compacted powder composition; and 
a polymer composite comprising nanometer-sized and/or 

micrometer-sized reinforcement structures, 
wherein the composite part has an interpenetrating net 
work between the compacted powder composition and 
the polymer composite and wherein the reinforcement 
structures comprise one or more of 
particles, 
platelets, 
fibers, 
whiskers, and 
tubes. 

2. The composite part according to claim 1, wherein at least 
two dimensions of the reinforcement structures are below 5 
lm. 

3. The composite part according to claim 1, wherein the 
reinforcement structures comprise carbon nanotubes. 

4. The composite part according to claim 1, wherein the 
powder composition comprises a soft magnetic powder. 

5. The composite part according to claim 3, wherein the 
powder composition comprises a soft magnetic powder. 

6. The composite part according to claim 1, wherein the 
powder composition comprises an iron-based powder. 

7. The composite part according to claim 3, wherein the 
powder composition comprises an iron-based powder. 

8. The composite part according to claim 1, wherein the 
composite part shows a mechanical strength more than 100 
MPa at above 150° C. 

9. The composite part according to claim 5, wherein the 
composite part shows a mechanical strength more than 100 
MPa at above 150° C. 

10. The composite part according to claim 7, wherein the 
composite part shows a mechanical strength more than 100 
MPa at above 150° C. 

11. The composite part according to claim 1, wherein the 
composite part has a density above 70 g/cm and a TRS 
above 100 MPa at 150° C. 
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12. The composite part according to claim 5, wherein the 
composite part has a density above 70 g/cm and a TRS 
above 100 MPa at 150° C. 

13. The composite part according to claim 7, wherein the 
composite part has a density above 70 g/cm and a TRS 
above 100 MPa at 150° C. 

14. A composite part produced according to a method for 
producing a composite part, the method comprising: 

compacting a soft magnetic powder composition compris 
ing a lubricant into a compacted body; 

heating the compacted body to a temperature above the 
vaporization temperature of the lubricant such that the 
lubricant substantially is removed from the compacted 
body; 

Subjecting the obtained heat treated compacted body to a 
liquid polymer composite comprising carbon nano 
tubes; and 

Solidifying the heat treated compacted body comprising 
liquid polymer composite by drying and/or by at least 
one curing treatment, 

wherein the composite part has a density above 70 g/cm 
and a TRS above 100 MPa at 150° C. 

15. The composite part according to claim 14, wherein the 
Soft magnetic powder composition comprises an iron-based 
powder. 
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