1 Description METHOD FOR THE PRODUCTION OF MAGNET CORES,
MAGNET CORE AND INDUCTIVE COMPONENT WITH A MAGNET
CORE The invention relates to a method for the production of magnetic
powder composite cores pressed from a mix of alloy powder and binder.
It further relates to a magnet core produced from a mix of alloy powder
and binder and to an inductive component with a magnet core of this
type. Magnet cores, which are OSSR used in switched power
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have to have a low permeability which must not be changed significantly
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superimposed on the AC moggAatiNE T erRrEh applications, ferrite cores
with an air gap have proved useful for the currently preferred operating
frequencies in the range of some ten to a hundred kHz, while magnetic
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superior magnetic,_ properties are required, FeAlSi-based crystalline

WIth Gy BIEIENIFPHYS &%h NiFe- based alloys are preferred. The most
recent developments favour the use of rapidly solidified amorphous or
nanocrystallirbe iron-based alloys. Amorphous FeSiB-based. alloys, in
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thickness due to. manufacturing methods and their high, resistivity. Apart
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frequencies in the range of some ten to a hundred kHz, while magnetic powder

composite cores are used for higher-rated equipment.

Depending on operating frequency, the required storage energy and available space,
various alloys can be considered for the production of these metal powder composite
cores. In the simplest case, pure iron powders are used, but if superior magnetic
properties are required, FeAlSi-based crystalline alloys (SENDUST) or even NiFe-
based alloys are preferred. The most recent developments favour the use of rapidly
solidified amorphous or nanocrystalline iron-based alloys. Amorphous FeSiB-based
alloys, in particular, appear to offer advantages compared to classical crystalline
alloys owing to their high saturation inductance, their low particle thickness due to
manufacturing methods and their high resistivity. Apart from the alloy itself, other
factors such as a high packing density of the powder composite core are also highly
relevant if the magnet core is to have a high storage energy or a high DC pre-

loadability.

US 7,172,660 B2 discloses powder composite cores produced from a rapidly
solidified amorphous iron-based alloy, wherein a particularly high packing density of



loadability. US 7,172,660 B2 discloses powder composite cores produced
from a rapidly solidified amorphous iﬁon-based alloy, wherein a
particularly high packing density of 2“the magnet core is obtained by
using a powder with a bimodal particle size distribution. The use of rapidly
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problem that pressmg at moderate temperatures does not result in a
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can also be obtained by pressing the powder to form a magnet core at
vigepusdlatupddhaippagBaiase yathivedoRackiretansticsriifetdfisy!t to

ob¢sad. However, the magnet cores produced in this way have a relatively
high relative permeability and are therefore not suitable for applications
where a maximum storage energy is required. In addition, the relative
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relative permeability as constant magnetic field modulation increases.
This effect is described analytically in F. Mazaleyrat et al.: "Permeability of
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Transactions on Magnetics \'{‘il 38, 2002. This behaviour i d;i}%irablg1
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erefor ({ase op the pr Pbl m of specifying a magnet core .
rap1 y solidified strip. As a result, the powder partictes are in the pressing process
oriented with their face normal in the pressing direction, and the starting permeability
becomes extremely high, particular at a high packing density, followed by a marked
reduction in relative permeability as constant magnetic field modulation increases.
This effect is described analytically in F. Mazaleyrat et al.: “Permeability of soft
magnetic composites from flakes of nanocrystalline ribbon”, IEEE Transactions on
Magnetics Vol. 38, 2002. This behaviour is undesirable in magnet cores used as

storage chokes or as chokes for power factor correction (PFC chokes) in pulsed power

supplies.

The present invention is therefore based on the problem of specifying a magnet core
made from a powder of a rapidly solidified, amorphous iron-based alloy, which has
both a high packing density and a highly linear permeability curve above a pre-

magnetised constant field.

According to the invention, this problem is solved by the subject matter of the
independent patent claims. Advantageous further developments of the invention form

the subject matter of the dependent patent claims.



made from a powder of a rapidly solidified, amorphous iron-based alloy,
which has both a high packing densiéy and a highly linear permeability
curve above a pre- magnetised constant field. According to the invention,
this problem is solved by the subject matter of the independent patent
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subject matter of the dependent patent claims. 3 A magnet core
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have an amorphous volume matrix. In this amor&hous volume matrix are,
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referably 0.08 * D<_ d<_ 0.2 * D, and cover a proportion x of x >_ 0.1 of
0.4rf Shamséret tdhsaracislesThacsymbel “* flonetes mUitRlIRaEh. As a
result, the generally amorphous particles have on their surface
crystallised-on r‘teﬁéigns which do not necessarily form a continuous I?;a(égr.
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' surface of the particles into the amorphous volume matrix. According
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particles are partially crystallised by means of a special heat treatment.
VolHBeIEHER crystallisation involves  a volume shrinkage in the region of

the surface which induces tensile stresses in the surface layer while

inducing compressive stresses in the amorphous volume matrix of the
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surface layer while inducing compressive stresses in the amorphous volume matrix of
the particles. In combination with the high positive magnetostriction of FeSiB-based
alloys, the compressive stresses in the volume matrix result in a magnetic preferred
direction towards the face normal of the platelet-shaped particles. As a result of the
fact that, while the powder is pressed, the powder platelets align themselves under
compacting pressure such that the platelet plane lies at right angles to the pressing
direction and therefore parallel to the subsequent magnetisation direction of the
magnet core, the anisotropy caused by the stress-induced magnetic preferred direction
leads to a magnetic preferred direction of the magnet core at right angles to its
magnetisation direction. The result is a linearisation of the modulation-dependent
permeability curve of the magnet core which exceeds the influence of the geometrical

shear of the magnetic circuit via the air gaps between the individual particles.

From G. Herzer et al.: “Surface crystallisation in metallic glasses”, Journal of
Magnetism and Magnetic Materials 62 (1986), 143-151, it is known that in soft

magnetic strip a crystallising-on of the strip surfaces leads to a magnetic anisotropy of



compacting pressure such that the platelet plane lies at right angles to the
pressing direction and therefore par%IIeI to the subsequent magnetisation
direction of the magnet core, the anisotropy caused by the stress-induced
magnetic preferred direction leads to a magnetic preferred direction of the
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magnetic anisotropy of 4 the material. However, it has surprisingly been
€

st hAs iR inpruse Bt dRemAdHa o EGRaR B Pomapility curve
an@aMRASI i ¢RIRSVIMNIRHLNAS WPt RewHRees Hqugtie WatHbreiBbigNCe

of geometrical shear via the air gap predominates in powder composite
cores, it was established that the surface crystallisation of the platelet-
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against all ex%ect tions in a further linearisation of the
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."platelet-shaped" in the present context describes particles which, for
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the thickness of which is significantly less than their dimension in the
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the particles is 10 m <_D<_ 50 m, preferably 20 m<_D <_25 m. In

pretoratistapheosiantdle Yartsle diameter L in the plane of the main surfaces
is preferably approximately 90 m. In an advantageous embodiment, the
alloy composition of the particles is MaYpZy,

In an advantageous embodiment, the alloy composition of the particles is My YpZ,,

wherein M is at least one element from the group including Fe, Ni and Co, wherein Y
is at least one element from the group including B, C and P, wherein Z is at least one
element from the group including Si, Al and Ge, and wherein a, 3 and y are specified
in atomic percent and meet the following conditions: 60 < a0 <85;5<B<20;0< y<
20, wherein up to 10 atomic percent of the M component may be replaced by at least
one element from the group including Ti, V, Cr, Mn, Cu, Zr, Nb, Mo, Ta and W and
up to 10 atomic percent of the (Y+Z) component may be replaced by at least one

element from the group including In, Sn, Sb and Pb.

The platelet-shaped particles are advantageously provided with an electrically

insulating coating on their surfaces to reduce eddy currents.

As a binder for the powder composite core, at least one material from the group
including polyimides, phenolic resins, silicone resins and aqueous solutions of alkali

or alkaline earth silicates is used.



wherein M is at least one element from the group including Fe, Ni and Co,
wherein Y is at least one element from the group including B, C and P,
wherein Z is at least one element from the group including Si, Al and Ge,
and wherein a, 0 and y are specified in atomic percent and meet the
following conditions: 60<_ a,<_85; 5 < P< 20; 0< 7< 20, wherein up to 10
atomic percent of the M component may be replaced by at least one
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for the powder composi re, at least one material from the group
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superposition permeability A of 80% of the starting superposition
aspesireetbiltg ko, a DC preloadability Bo of Bo > 0,24 T can be

obtained with the magnet core according to the invention. The magnet

core according to the invention therefore has excellent storage properties.
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choke for power factor correction, as a storage choke, as a filter choke or
thigknesidd sinisgerdrad Riassed ot ot brerss onrfesdisosrmeanksrogie. The
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powder of amorphous, platelet-shaped particles with the thickness D'is
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crystalline structure embedded in the amorphous volume matrix are
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crystalline structure have reached a thickness d 0of 0.04 * D <d <0.25 * D in the

volume matrix and cover a proportion x with x > 0.1 of the surface of the particles.

An alloy of the composition M, YgZ, is advantageously used for the particles, wherein
M is at least one element from the group including Fe, Ni and Co, wherein Y is at
least one element from the group including B, C and P, wherein Z is at least one
element from the group including Si, Al and Ge, and wherein a, 3 and y are specified
in atomic percent and meet the following conditions: 60 < a0 <85;5<p<20;0< y<
20, wherein up to 10 atomic percent of the M component may be replaced by at least
one element from the group including Ti, V, Cr, Mn, Cu, Zr, Nb, Mo, Ta and W and
up to 10 atomic percent of the (Y+Z) component may be replaced by at least one

element from the group including In, Sn, Sb and Pb.

In one embodiment of the method, the powder is prepared from amorphous particles
in the following process steps: An amorphous strip with a thickness D of 10 um <D <

50 pm, preferably 20 pm < D < 25 um is produced in a rapid solidification process.



In an advantageous embodiment, heat treatment is continued until the
areas with the crystalline structure have reached a thickness d of 0.04 * D
< _d<_0.25*Dinthe volume matrix and cover a proportion x with x > _
0.1 of the surface of the particles. An alloy of the composition MaYpZy is
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from the group including Fe, Ni and Co, wherein Y is at least one element
follewethiey dhsurs mintienes! GandipioyHeruis 2ladetshapgheadiditent
from the group including Si, Al and Ge, and wherein a, 0 and y are
specified in atomic percent and meet the following conditions: 60<_ a,<_
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20@}3@@9pe%nttt§n§3qg@»@placed by at least one element from the group
including bILLl,e\/, Cr, Mn, Cu, Zr, Nb, Mo, Ta and W and up to 10 atomic
percent of the (Y+Z) component may be replaced by at least one element
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method, the powder is prepared from amorphous particles in the following
teppsresssiapsoin A0 P Aeus<stiP’with a thickness D of 10 pm <_ D 50
m, preferably 20 pm <_ D<_ 25 m is produced in a rapid solidification
process. 6 The amorphous strip is then pre-embrittled by heat treatment
Inaing temhpdnaenieoT drabrittied ftlopeatidbss tire poidednutioragidbes stripl¢oholic
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cofengbrittie <_ 400C. In one embodiment of the method, the amorphous

strip is comminuted at a grinding temperature Tmijjj of -196C <_ Tmi<i<_
100C. In one embodiment of the method, the particles are pickled in an
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adxquiegesusbimsensIdfcaiketictas atlealibe coared silidatiesstinder before pressing, or

the binder may be mixed with the powder before pressing.

The powder is pressed in a suitable tool, for example at a pressure between 1.5 and 3
GPa. After pressing, the magnet core may be heat treated for stress relaxation for a
duration t.x of approximately one hour at a temperature Tilox of approximately
400°C, but this stress relaxation may alternatively be carried out during the heat
treatment for surface crystallisation according to the invention, so that there is no need
for a separate heat treatment for stress relaxation. The heat treatments are advantage-

ously carried out in an inert atmosphere.

In one embodiment of the method, processing additives such as lubricants are added

to the particles and to the binder before pressing.

With the method according to the invention, magnet cores with a modification-
dependent permeability curve which is more linear than in prior art can be produced

by relatively simple means.



advantageously used. The particles may be coated with the binder before
pressing, or the binder may be mixed with the powder before pressing.
The powder is pressed in a suitable t%ol, for example at a pressure
between 1.5 and 3 GPa. After pressing, the magnet core may be heat
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at a temperature Trei of approximately 400C, but this stress relaxation
thepgsmerAkiRENEBE S arried out during the heat treatment for surface
crystallisation according to the invention, so that there is no need for a
Sseparate heat treatment for stress relaxation. The heat treatments are .
Figiteahis geliaaian BaHsLansetcnaiiPhet e naIare 2R IR oubaiRgtion:
of the method, processing additives such as lubricants are added to the
particles and to the binder before pressing. With the method according to
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mEdE\E plhishisHnsse pneRidhat indmiotamcavdgiproduced by relatively
simple means. 7 Embodiments of the invention are explained in greater
detail below with reference to the accompanying figures. Figure 1 is a

Figiag RymaticrapresantatianefttoMagneticore akssd nigiHliigdaventias:-
Figure 2 is a diagrammatic representation of the detailed structure of the
shapsgmartidiie made of platelet-shaped particles according to the invention;

Figure 3 is a diagrammatic cross-section through a section of an individual

platelet- shaped particle; Figure 4 is a diagrammatic ¢ross-section through
Figuzg disi StagsamadidusiosrisriiesHup ?ﬁ%‘i’é’fllfigﬁ?e“gb‘ﬂ Wllﬂlﬁé%%

shapeefesiion permeability curve of magnet cores according to an
embodiment of the invention; and Figure 6 shows the DC preloadability
curve Bo for magnet cores according to Figure

Figure 5 shows the DC superposition permeability curve of magnet cores according to

an embodiment of the invention; and

Figure 6 shows the DC preloadability curve By for magnet cores according to Figure

5.
Identical components are identified by the same reference numbers in all figures.

The magnet core 1 according to Figure 1 is a powder composite core with magnetic
properties which permit its use, for example in switched power supplies, as storage
chokes or as choke cores on the system input side. The cylindrical magnet core 1 is
designed as a toroidal core with a central hole 2 and is symmetrical with respect to its
longitudinal axis 3. While the powder is pressed to form the magnet core 1, a force is
applied in the direction of the longitudinal axis 3. The plane 4 identified by the vector

n marks the plane of the direction of magnetisation in the use of the magnet core 1.

Figure 2 diagrammatically shows the platelet-shaped particles 5 of the magnet core 1
and their arrangement after pressing. The platelet-shaped particles 5 have two parallel
main surfaces spaced from each other by the thickness D of the platelet-shaped

particles 5. These main surfaces originally were the surfaces of a strip produced in a



5. Identical components are identified by the same reference numbers in
all figures. The magnet core 1 accorgting to Figure 1 is a powder
composite core with magnetic propetfties which permit its use, for
example in switched power supplies, as storage chokes or as choke
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as a toroidal core with a central hole 2 and is symmetrical with respect to
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plane 4 identified b the vector n marks the plane of the direction of
plalghdnsheiorns elchrdenriheuniigset core 1. Figure 2 diagrammatically

shows the platelet-shaped particles 5 of the magnet core 1 and their

arrangement after pressing. The platelet-shaped particles 5 have two
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surfaces of a strip produced in a 8 rapid solidification process, which was
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mBARIshRARed Raftites-aus *B2verage platelet diameter of
approximately 90 m, which in the present context denotes the diameter L

of the platelets in the plane of their main surfaces. As a result of pressing

FiY(ite 3 Rreasiseasing Erdbe dicesHm 6l dhe lonaiidingbaxisardcis. The
platelet-shaped particles 5 are oriented substantially parallel to one
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is a diagrammatic cross-section through a platelet-shaped particle 5. The
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with a crystalline structure are embedded within the amorphous volume
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volume matrix 8 form the first main surface 6 and from

The areas 9 near the first main surface 6 have a thickness d;, and the areas 7 near the
second main surface 7 have a thickness d. In the embodiment shown in Figure 3, d; is
greater than d;. This is due to the fact that the platelet-shaped particle 5 has been
produced by comminuting a strip produced in a rapid solidification process, wherein
the second main surface 7 corresponds to the side of the strip facing the rotating
wheel. As a result, the material of the strip was subjected to different temperature
gradients on its two main surfaces. This relationship is described in G. Herzer et al.:
“Surface crystallisation in metallic glasses”, Journal of Magnetism and Magnetic

Materials 62 (1986), 143-151.

The relation d, # d; does not necessarily apply to the magnet core 1 according to the
invention. The essential aspect is that the crystalline areas 9 have an average thickness
d (which could be the mean value from d; and d; in the described embodiment) of at
least 5% and at most a quarter of the thickness D of the platelet-shaped particle 5 and
cover a proportion x of at least one tenth of the surfaces of the particle 5, i.e. essential-

ly of the first main surface 6 and the second main surface 7.



the second main surface 7 by means of a special heat treatment. The
areas 9 near the first main surface 6 have a thickness d1, and the areas 7
near the second main surface 7 haveé a thickness d2. In the embodiment
shown in Figure 3, d2 is greater than d1. This is due to the fact that the
platelet-shaped particle 5 has been produced by comminuting a strip
produced in a rapid solidification process, wherein the second main
Indhiscasey therralippnartokiee aldboriHacsty faeing e iarphpitider As
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gradients on its two main surfaces. This relationship is described in G.
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~ d1 does not necessarily apply to the mat%net core 1 according to the
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the described embodiment) of at least 5% and at most a quarter of the
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first main surface 6 and the second main surface 7. 9 In this case, the

volume shrinkage at the surfaces of the platelet-shaped particles 5, which
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compressive stresses in the volume matrix 8 of the Blatelet-shaped
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crystallisation zor}es 10 With%ige thiﬁéne s d and the amorphoiﬁ volume
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inlisaiiehtgoneswlO] vhere the tensile stresses are indicated by arrows 11.
The volume matrix, on the other hand, is subject to compressive stresses
indicated by arrows 12. According to a theory explained by Ok et al. in
AdhgsichliReviane gt Bysib (198 hhad 267 ishignetedtslinlthger than that of
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plane 4 of the subsequent magnetisation direction predominates, and the parallel
orientation of the platelet-shaped particles 5 during the pressing process results in a
magnetic preferred direction at right angles to the magnetisation direction of the
magnet core 1 and thus in a linearisation of the modulation-dependent permeability
curve of the magnet core which exceeds the influence of the geometrical shear of the

magnetic circuit.

Figures 5 and 6 show the results of measurements of magnetic variables in magnet

cores produced in accordance with the invention.

For this purpose, an amorphous strip with a thickness of 23 um was produced in a
rapid solidification process from an alloy of the composition FeresSioB12. To reduce
its ductility and therefore to make it easier to comminute, this strip was subjected to a
heat treatment lasting between half an hour and four hours in an inert atmosphere at a

temperature between 250°C and 350°C. The duration and the temperature of the heat



the plane 4 of the subsequent magnetisation direction and in the volume
matrix 8 in a magnetic anisotropy Jd?éright angles to the subsequent
magnetisation direction as indicated by arrows 13. As the volume of the
amorphous volume matrix 8 is significantly larger than that of the

tréiysiallineraRasfias Abiiae Rguntuerer-ebinamriarERm; haicialues are

angles to the plane 4 of the subsequent magnetisation direction

a (SFRRIRIAINGIRIS] N thied S UTREI OB 96 SRRIBAUST the platelet-shaped particles
5 during the pressing process results in a magnetic preferred direction at
right angles to the magnetisation direction of the magnet core 1 and thus

FaHoying disheririrentmentiod grahoflaosehdensthiorih sapimipuiedus oLthe
sulbABORT AR NINCh expaedsiine ailiienne Ofhrigeompiias §hﬁ?a"cé?@t¥-he

magnetic circuit. Figures 5 and 6 show the results of measurements o
shapsgmatiolesablestn Yatgsarato reec o sad Hhadderlendwpedpetcles are
thiAVSOURR QI ANIR PGSR A ATRRNOUS B IEPH NI, RARICKIESS QhfRdMnd

was produced in a rapid solidification process fl?om an alloy of the

cogtf G SitohCreRESISIBBIRICT scfeciad it tucaiyranaliension imideie
pHLSARIGEUM COMTIRLIE HS AU IR MR8 SUNRRIRL SP 1B HRAIMEBLSting

between haif an hour and four hours in an inert atmosphere at a

silieptso e G Usctareh EOE MBS UBItithes dur AoN B b weimpdiahire
préfdhe ReRlLA: HeatmeRLWere.detprieed oy theeauied Seoseefhblc

embrittlement; typical values are a temperature of 320C and a duration of
sobjddupsisantoneling HeSheaBieatment for embrittlement, the strip is

comminuted using a suitable mill such as an impact mill or disc mill to

produce a powder of platelet- shaped particles with an average grain size
Ther mocrenHensigiatisisapadiparaeied Era PSsHIs &RAdadPigshuaes between 1.5

an%'@@i%at'&/fﬁ?ﬁ&‘?ﬁﬁgﬂ%%?e‘? TREQRRARAE SWIRSS CRATNGAM LARIEHM

a heat-resistant binder selected from the group including polyimides,

trosiaplioFesipg isireatierashon iy dauasian i gt ltcaikeas ondheatiéace

oﬁﬂétplatelet-shaped particles, the heat treatment being performed in an inert
atmosphere at a temperature between 390°C and 440°C for a duration of 5 to 64

hours.

Figure 5 shows the effect of surface crystallisation of the platelet-shaped particles on
the DC superposition permeability curve Ap. The magnet core of curve A was
produced in the manner described above, but the heat treatment for the surface
crystallisation of the platelet-shaped articles was omitted and the magnet core was
only subjected to one hour’s heat treatment at 440°C for stress relaxation. This

magnet core A therefore corresponds to magnet cores of prior art.

The magnet core of curve B was produced in accordance with the method according
to the invention and heat-treated for 8 hours at 440°C. This magnet core therefore has
crystallised areas on the particle surface. The magnet core of curve B’ was likewise
produced in accordance with the method according to the invention and heat-treated
for 24 hours at 410°C. This longer heat treatment of the magnet core B’ at a slightly

lower temperature results in the compaction of the crystalline surface layer, i.e. the



silicates. The thus coated platelet-shaped particles are finally mixed with a
high- pressure lubricant, which may for example be based on metallic
soaps or suitable solid lubricants suth as MoS2 or BN. The mixture
prepared in this way is pressed in a pressing tool at pressures between

prépor@&id SifeRs iesfRim A agRel AN T MerBieS SNt PNgeRSs S felfoMwed
by a final heat treatment for stress relaxation and for the formation of

crgpipdlififiREcaseAs Bigthe 3ahnree tBsdradiieadiehsniieeprsatipsofiheddGt
sug&%@%ﬁ%@fiﬁeﬁ@fmr@ﬁ%%ﬁnAﬁ?ﬁﬁagﬁé&?ﬁ&eﬁ%@@s@ﬁlﬁgfﬁ%&?@ition
etween 390C e5s

and 440C for a duration of 5 to 64 hours. Figur ows

petimecalpidity s afaperenisialibatidn of the platelet-shaped particles on the
DC superposition permeability curve A. The magnet core of curve A was
produced in the manner described above, but the heat treatment for the

Aeqnrding terfsBalis sieei drmaenstasehet heiséef artide§ wagmidatarialshed "
JTRANERP9 BN PRl 1sUbiesiRd 1. 0ne BRHT SheRkepimBNtat 440 for

© étlress re?gkgatl\%n.]“l?hls magnet cgre A S[%lelre oreocor}espongs0 to agﬁoet

Hegredatpridn & the i hsaperpd sioien plecuoabdiBtwas theadageet tore, ) is the
accardance with the method accordi tp the.invention and heat-treated

e R SO S A r Pt B 2 A AP,

fothieepetitidiaiddrianegd beemagiiee Ol od cutyie IBYViBasdipawistagycditablt for

thin(ﬁacc%rd%lrlca?.with melt agﬂi?cc?rdirnguto rrtQF ig‘f tiron apnd egt-treated
for 24 nourB A1 GC s IBnger Redtreatment orthe magnet Core B at

a slightly lower temperature results in the compaction of the crystalline

.surf layer, i.e. the 11 pro ion X increases without any.sjgnificant
Fighteh ShoWS e incitase obi D preloallibiR; Bafor vl s ¢l
suthagplesdidisntpeanfigptingryinelrds afioincoh shecdDéorsuphipb siiobepetmeabilitith the

curve A. All net cores have. a starting.superposition permeability Apo
prédlction mcriod 4eordine dohe i utio it RasRe compalison e it R0

w{Sadtiaddgnetinagiateciais @t of a known FeAlSi alloy (Sendust). As Figure 6
shows, the magnet cores according to the invention can achieve a DC preloadability
By of By 20,24 T at a DC superposition permeability Ap of 80% of the starting super-

position permeability of Apy.
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edition 1990), pages 114-115, the DC preloadability Bo defined as Bo =

Ap * po * HDC, wherein Ap is the DC_superposition permeability of the

magnet core, po is the magnetic field"constant and HDC is the DC field

modification, is a suitable measure for the obtainable storage energy. The
12DC prgieadability Bo is particularly suitable for the direct comparison of

the suitability of various materials for use in choke cores. Figure 6 shows
Bihe irféfé%e of the DC preloadability Bo for given relative DC

D supemgsiiiRssrRETpaaahility values of the magnet cores which can be
achieved with the production method according to the invention. For

d easicthisissticbr Vi QFaeA was added for a magnet core made of a

diknownheAkat alayr{SandushAs Figure 6 shows, the magnet cores
according to the invention can achieve a DC preloadability Bo of Bo

d2, o, JhiFkdessoe sopRigBailSH R meability Ap of 80% of the starting

L supepapasiiarperspeability of Apo. List of reference numbers 1 Magnet
core 2 Central hole 3 Longitudinal axis 4 Plane of magnetisation 5

N platelr8HAPEE Particle 6 First main surface 7 Second main surface 8
Volume matrix 9 Crystalline areas 10 Crystallisation zone 11 Arrow 12 12
Arrow 13 Arrow



D Thickness of particles d Thickness of crystalline areas dl Thickness on
first main surface d2 Thickness on second main surface L Particle
diameter n Normal vector 13 Claimg4. Magnet core (1) made of a
composite of platelet-shaped particles (5) with a thickness D and a
binder, wherein the particles (5) hgugigfy amorphous volume matrix (8) in
the surface of which are embedded areas (9) with a crystalline structure
which have a thickness d of 0.04 *D <_d <_0.25* D and cover a

1. Propesing ¥@k X Bnfdde of theosmsiane of fnaddartikipsdpaMRURE SR a
according to claims 1, wherein the thickness dis 0.08 * D < _d<_0.2*D.

3. Mgkt dPer ) Hpiadrdingh s drnths RasHgesvinareicAs HaRiehggjolume
havedhealyncompasiienfsiMirl BZye IRl Mels 29) Iast 00 Rigment

from the grouE including Fe, Ni and Co, wherein Y is at least one element

fromURE Yol pIrchadme Bicknsrudm Nk éiR Z & afidast Briddgerseat
from 1he QIGYR B19ludig il A G&randheiiein @ O and y are

specified in atomic percent and meet the following conditions: 60 <_a <_
85;50<_20; 0<_7<_20, wherein up to 10 atomic percent of the M

2.00”139@%%81@3309&&%%18%%9&{@{ least one element from the group
including Ti, V, Cr, Mn, Cu, Zr, Nb, Mo, Ta and W and up to 10 atomic

peredrrohtie (ieR)asomhpodheit™ May be Pepiabed by at least one element
from the group including In, Sn, Sb and Pb. 4. Magnet core (1) according
to any of claims 1 to 3,

3. Magnet core (1) according to claim 1 or 2,

wherein the particles (5) have the alloy composition is M, YpZ,, wherein M is at
least one element from the group including Fe, Ni and Co, wherein Y is at least
one element from the group including B, C and P, wherein Z is at least one
element from the group including Si, Al and Ge, and wherein a, 3 and y are
specified in atomic percent and meet the following conditions: 60 < o < 85; 5 <
B <20; 0< y<20, wherein up to 10 atomic percent of the M component may
be replaced by at least one element from the group including Ti, V, Cr, Mn, Cu,
Zr, Nb, Mo, Ta and W and up to 10 atomic percent of the (Y+Z) component
may be replaced by at least one element from the group including In, Sn, Sb and

Pb.

4.  Magnet core (1) according to any of claims 1 to 3,
wherein the magnet core (1) has a DC preloadability By of By >0,24 T at a DC
superposition permeability Ap of 80% of the starting superposition permeability

of Ap,.

5. Magnet core (1) according to any of claims 1 to 4,

wherein the particles (5) have an aspect ratio of at least 2.

6.  Magnet core (1) according to any of claims 1 to 5,

wherein the thickness D of the particles (5) is 10 um < D <50 pum.



wherein the magnet core (1) has a DC preloadability Bo of Bo >_0,24 T at
a DC superposition permeability A of 80% of the starting superposition
permeability of Apo. 5. Magnet corelél) according to any of claims 1 to 4,
wherein the patrticles (5) have an aspect ratio of at least 2. 6. Magnet core
(1) according to any of claims 1 to 5, wherein the thickness D of the

particles (5) is 10 pm <_D <50 pm. 14 7. Magnet core (1) according to
7- anyNip@iehhers ¢b aoonidingiRRaxiatrkés bigdhe particles (5) is 20 m

<_ Riferc?B it (§cMRINBL SR (rA0R0TdiNg 10 3y ofslaisguto 7,

wherein the patrticles (5) have an average particle diameter L of
approximately 90 m in the plane of their main surfaces (6, 7). 9. Magnet

8.COre (lnaeeRrding 48Ryt At dRifadMngyein the particles (5) are

provided with an electrically insulating coating on their surfaces (6, 7). 10.
MagHistedrthe Dradelsrdinghay a Ay dfergpratitdealigmelesih 85 wpipdsately
Ieasjoo“qgl mqf@riﬁg{@mm@lmﬁpmg\ p%lyimides, phenolic resins,

silicone resins and aqueous solutions of alkali or alkaline earth silicates is
selected. 11. Inductive component with a magnet core (1) according to

9. 2MAERITSL (D) L0coldnlnALEHG camAgnagaccording to dlaim L1,

wherein the inductive component is a choke for power factor correction.
13. Yrivuei/depmbelaent asedriding e vidinam alegifesdinifselpimgceivasing on
compapenids.a ﬁggrgge choke. 14. Inductive component according to
claim 11, wherein the inductive component is a filter choke.

10. Magnet core (1) according to any of claims 1 to 9,
wherein as a binder, at least one material from the group including polyimides,
phenolic resins, silicone resins and aqueous solutions of alkali or alkaline earth

silicates is selected.
11. Inductive component with a magnet core (1) according to any of claims 1 to 10.

12.  Inductive component according to claim 11,

wherein the inductive component is a choke for power factor correction.

13. Inductive component according to claim 11,

wherein the inductive component is a storage choke.

14. Inductive component according to claim 11,

wherein the inductive component is a filter choke.

15. Inductive component according to claim 11,

wherein the inductive component is a smoothing choke.

16. Method for the production of a magnet core (1), comprising the following steps:



15. Inductive component according to claim 11, wherein the inductive
component is a smoothing choke. 16. Method for the production of a
magnet core (1), comprising the foIIoWing steps: 15 the provision of a
powder from amorphous platelet-shaped particles (5) of the thickness D;

the pregringoRidia BPWHSHWIHTRMIBLRIIARKOFIHESR SRAIEEHOKEKL)S) of

the heat treatment of the magnet core (1) for a duration tarr,eai >_ 5 hat a
temperBeFRISRCSSddi of 300C < T.,g <_ 440C while areas (9) with a

crystalline st s femesded Withe BREPRIpD Y MRS @ng
formed on the surface (6, 7) of the particles. 17. Method according to

claim 16eRdrERIMET OAthicaaaRGere dhliFRIes Lt oRd-areas Y9) With
the crygipllingcsleugture hausseached a thickpesgiel00¢ Rt 9 <—

0.25 * Din the volume matrix (8) an‘dncover a proportion x of x>_ 0.1 of
the surfarsiqbing)sohterpantetd ded)in@e Matobicascording roatlaitd L& or

17, Wh%%gr&lﬂl@g&;% grﬁﬁ)g?iﬁi@r})g{lﬁqggy is used as an alloy for the

particles (5), wherein M Is at feast one element from the group including
Fe, Ni and Co, wherein Y is at least one element from the group including

178, GRALE o MRS iR f@St one element from the group including Si,

Al and Ge, and wherein a, 0 and y are specified in atomic percent and
meethpisifofesiay Eeiaigvns ceotinues untggheazcapd) pithghe cstabime
whegginip ﬁ%&@r@&%&é‘&a EI&S{%%QHHF% _Qrfb"%”ﬂtd?}%y*tﬁﬁ?ﬁl@%ﬂ;%
at least one element from the group including Ti, V, Cr, Mn, Cu, Zr, Nb,

Mo e an® Wereincb vgr toptGpattionick pexceit lobthie(dt:Are0bnfonétiterpayticle
bedﬁb)laced by at least one element from the group including In, Sn, Sb

and Pb.

18. Method according to claim 16 or 17,
wherein an alloy of the composition M, YgZ, is used as an alloy for the
particles (5), wherein M is at least one element from the group including Fe, Ni
and Co, wherein Y is at least one element from the group including B, C and P,
wherein Z is at least one element from the group including Si, Al and Ge, and
wherein a, 3 and y are specified in atomic percent and meet the following
conditions: 60 < a < 85; 5 <P <20;0< y <20, wherein up to 10 atomic
percent of the M component may be replaced by at least one element from the
group including Ti, V, Cr, Mn, Cu, Zr, Nb, Mo, Ta and W and up to 10 atomic
percent of the (Y+Z) component may be replaced by at least one element from

the group including In, Sn, Sb and Pb.

19. Method according to any of claims 16 to 18,
wherein the provision of the powder from amorphous particles (5) involves the
following steps:
- the provision of an amorphous strip in a rapid solidification process with a
thickness D of 10 um < D < 50 pum;
- the pre-embrittlement of the amorphous strip by means of heat treatment at a

temperature tembrittle;



19. Method according to any of claims 16 to 18, wherein the provision of
the powder from amorphous particlei6(5) involves the following steps: -
the provision of an amorphous strip in"a rapid solidification process with a
thickness D of 10 m <_ D<_ 50 m; - the pre-embrittlement of the

amorphRyIssHHiRMiBIEaN: Ot hpAblipsimant aitetismpaigiiectembyidle;
16 the comminution of the strip to produce platelet-shaped patrticles (5).
20. Method according to claim 18, wherein the thickness D of 20 m <_ D

20<_ RpeMoldocMathedagsprdigg to claim 19 or 20, wherein the
temperature tembridle is 100C <_ Tembridle 400C. 22. Method according

to anpsEdhnthicknsss D ahdteim hPiempeisiture tembrittie is 200C <_
Tembrittie <- 400C. 23. Method according to any of claims 17 to 22,
wherein the amorphous strip is comminuted to an average particle

2lgiatMistbearaoiding Ao Koy &5c8kding to any of claims 17 to 23,
WhEIRIR e AORRRKS SHIp,s cRMMIRed oL a gunglpe temperature

Tmijii of - 196C <_ Tm;u<_ . 25. Method according to any of claims
16 to 24, wherein the particles (5) are pickled in an aqueous or alcoholic

250ltiamta apRiAR BleAlrigallaIRRUIatiRg poating and then dried before

pressing. 26. Method according to any of claims 16 to 25, wherein as a
binddrerinehsttempenatetinhfrom 138 Ylodplincludisd Pdli¢imides, phenolic
resins, silicone resins and aqueous solutions of alkali or alkaline earth

23.  Method according to any of claims 17 to 22,

wherein the amorphous strip is comminuted to an average particle diameter of

90 um.

24. Method according to any of claims 17 to 23,
wherein the amorphous strip is comminuted at a grinding temperature T of -

196°C < Trmin< 100°C.

25. Method according to any of claims 16 to 24,
wherein the particles (5) are pickled in an aqueous or alcoholic solution to apply

an electrically insulating coating and then dried before pressing.

26. Method according to any of claims 16 to 25,
wherein as a binder, at least one material from the group including polyimides,
phenolic resins, silicone resins and aqueous solutions of alkali or alkaline earth

silicates is used.

27. Method according to any of claims 16 to 26,

wherein the particles (5) are coated with the binder before pressing.

28. Method according to any of claims 16 to 27,

wherein the pressing process is carried out at a pressure between 1.5 and 3 GPa.



silicates is used. 27. Method according to any of claims 16 to 26, wherein
the particles (5) are coated with the binder before pressing. 28. Method
according to any of claims 16 to 27, wherein the pressing process is
carried out at a pressure between 1.5 and 3 GPa. 17 29. Method
according to any of claims 16 to 28, wherein the pressing is followed by a
heat treatment for a duration trelax of approximately one hour at a

2%emisthndiacereding e ahehilng 460€ 48r the stress relaxation of the
magneierrtépredfinl BiRahacadsdingda aeypkataibrs derteiadt wherein

processing additives such as lubricants are added to the particles (5) and

to tHEBMdBRISEfYRcAREsH §. enPRIBMHE I ate SF PR e 1EINCSf HinsTesths
30, whsreinthgifieat HRalmenis-ate cgrried out in an inert atmosphere.

30. Method according to any of claims 16 to 29,
wherein processing additives such as lubricants are added to the particles (5)

and to the binder before pressing.

31.  Method according to any of claims 16 to 30,

wherein the heat treatments are carried out in an inert atmosphere.



