1 Description METHOD FOR THE PRODUCTION OF POWDER
COMPOSITE CORES AND POWDER1COMPOSITE 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 powder
cdaspeetiosore. In powder composite cores of this type, low hysteresis and
eddy-current losses are desired. The powder is typically supplied in the form

of flakes provided by comminuting a soft magnetic strip produced using melt
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exrowRERaeNroim cbplatelets. While flakes of pure iron or iron/nickel
alloys are so ductile that they are plastically deformed under the influence of
the compacting pressure and result in pressed cores of high density and
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compacted to form a magnet core using a pressing tool at high pressure, it
m&Y HOHEC®E ary to prevent the expansion of the core due to spring back of
the flakes in the subsequent relaxation process by adding a binder. This
ex]%ansi n would result in an undesirablﬁ rsqgructiondoé‘(}he dens{t}/oof the core

owder.composite cores of,this tyQe, 10w 1S an dy-curren Ses are
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These binders develop their full effect only aiter the magnet cores have been
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stigaghéts livhevemess dheundgresraaresitketambexpand dugikotsaring hack of
the flakes, as.is typical for cares made, of rapidly solidifying, amprphus or
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however, have the disadvantage that they are not™ 2 sufficiently heat-resistant
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of fReGifyiRg @ powder composite core with particularly good magnetic
properties. According to the invention, this problem is solved by the subject
matter of the independent patent claims Advantageous further development
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method accqrding to the inventiqn for the production of a net.core
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of water atomisation. The particles are mixed with a first binder having a first
cu?ﬁW@Q@mperature Tici," and a first decomposition temperature Ti,decompo”
and a second binder having a second curing temperature 112,cal" and a

Sel?,o r?oq/v‘g\‘?é:r?{ﬂé’ Pnsélélr?ert] égrrg t%F] t%rgxgghg%ﬁgrt’ggpﬁarghgaglinoqef‘ﬁ% flakes, as is

typical for cores made of rapidly solidifying, amorphous or nanocrystalline alloys, the
binder has to become effective before the pressed core is removed from the tool. For
this reason, thermosetting materials which cure within the pressing tool itself are

typically used as binders. These, however, have the disadvantage that they are not



are selected such that Ti,cure < T2,cure T1,decompose < T2,decompose.
The mixture is then pressed in a pressgﬂg tool to produce a magnet core, the
first binder is cured at a temperature T 111,,"" and the magnet core is
removed from the tool. Following this, the magnet core is heat treated to
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the invention, the heat treatment for adjusting the magnetic properties of the
core cannot be omitted. This, however, requires a binder of high thermal
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simple curing conditions for the binder. Both these requirements can,
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first binder is curable in the pressing tool itself and therefore ensures the
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speaking replaces the first binder at a certain temperature in fulfilling its
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phenolic resins and epoxydised cyanurates. They are cured in the pressing
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has to be selected such that its annealing residue amounts to more than 85%
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This is necessary in order to ensure that the finished magnet core is
Su f'C'th% ct)a le after hea In_et%tment

ccordl asic principle e invention, the heat treatment for adjusting the
magnetic properties of the core cannot be omitted. This, however, requires a binder of
high thermal stability. This type of binder in turn requires curing conditions which can
hardly be implemented within the pressing tool. However, if flakes which have a
tendency to spring back are used, a high strength of the magnet core has to be ensured

even before the part is removed from the pressing tool. The high thermal stability



The mixing ratio of the first and second binders preferably lies within the
range between 1:5 and 3:1. The ratio h3a5 to be balanced to ensure that the
strength of the magnet core is always sufficient even though, apart from a
short time, only one binder may display its binding action while the other
bim@“ﬁﬁﬁdﬁv@preﬁ@Tﬁi%WiﬁTé‘%ﬁ@gi'i@ﬁbﬂé‘é%? fheispearmkonsdyiBecoated
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alternative, both binders may be applied either together or in succession. It is,
however, also possible to add at least one of the binders in powder form to
thesthixhesoretuipsersingarn, hewemnmb Inhediey tsipgefetrabiygaae/ailmlbte)malmlt
2t e drmme A IWIR 8 disfeienl SRR AN R o R SR Ak BllgAN
in t € pressing process rocessm a| s 5Uch &s Tubricants may b edto
thtiterﬁsabltﬁxegétbeiﬂtmﬁ@d LT éetawplérmmhd@r@:agag t@@iranﬂﬂ‘gms;tart of
lulricapts fiehRgWexERRasATTHR JEIMLAIEMAIAR RGN AitidR: kapkite or

MoS2. In addition, at least one of the binders may contain_a fine-particle
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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, 13 and y
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replaced by at least one element from the group including In, Sn, Sb und Pb.
5 lisation of the alloy, and the amorphous structure is retained. These
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atomic percent and meet the following conditions: 0 a 0.29; 0 b 0.43; 5 x 20;
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required for heat treatment. This is necessary in order to ensure that the finished

magnet core is sufficiently stable after heat treatment.



To obtain a nanocrystalline structure, the heat treatment is performed at a
temperature T.ea, of 480 to 600C. To protect the magnet core against
corrosion, the heat treatment may be performed an inert gas atmosphere.
The magnet core is expediently hot pressed at 150 to 200C while the first
birldemixinareatiotpbthe dksiards Beond RipgedIsherghily fiss vdrye B¢ BEe25
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binders expediently amounts to 2-8 percent by weight. This ensures an
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form of flakes, in particular flakes with an aspect ratio of at least 2, which
have a particularly strong spring back tendency. The flakes expediently have
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expediently pickled in an aqueous or alcohol solution to reduce eddy-current
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covers foil or similar products. Before the strip is processed to produce
particles, it is expediently made brittle by heat treatment and then
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their magnetic properties can be adjusted by means of heat treatment. Owing

to the use of two binders which so complement each other in their properties,
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treatment process, making additional process steps unnecessary. The
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magneaticaabayss listedrahoperandaisatbesoesiable up to temperatures above
600C. Thermostability denotes the ability of the magnet core to maintain its

geometry and not to lose its pressed density as a result of expansion due to
spiirpdemRasimenadftikeiyhniéonparatvehdissdabased. alfoy is provided as a

soft magnetic alloy. This alloy may have the composition M, YZ,, 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: 70 < o <85;5 <3 <20;0< y<20.Upto
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 und 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 und Pb.

A core made of an alloy powder of this type is expediently heat treated at a maximum

heat treatment temperature Tannea OFf 500°C. At these temperatures, there is no crystal-



weight of the annealing residue of a polysiloxane polymer in a ceramised
form as a binder. In an alternative embé)diment, IS comprises, relative to its
total mass, 1-5 percent by weight of the annealing residue of a polyimide
polymer in a ceramised form. In a further embodiment, is comprises, relative
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invention can expediently be used in inductive components such as chokes

for correcting the power factor (PFC chokes), in storage chokes, filter chokes
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SP 309) as a first binder and_a siloxane resin (Silres MK) as a second binder
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cores. This was followed by heat treatment at temperatures of 560C for 1 to 4
hdlifgin 24 el Jas hffdsfieferd obtain a nanocrystalline structure. At 100

Hz and a modulation of 0.1 T, the finished magnet core had a permeability of

62 and _hysteresis Inosses of 754 mW/cm3. Example 2 Elakes gf an alloy with
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1Ej%)C to produce ring cores. This was follo eﬂg by heat treatment at
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namogeystalking stoudiurel y are specified in atomic percent and meet the following
conditions: 0<a<0.5;0.1<x<3;0<y<30;0<z<25;0<y+z<35;0.1< a<

30;0< B<10;0< y<10.

To obtain a nanocrystalline structure, the heat treatment is performed at a temperature
Tanneat OF 480 to 600°C. To protect the magnet core against corrosion, the heat

treatment may be performed an inert gas atmosphere.

The magnet core is expediently hot pressed at 150 to 200°C while the first binder is

cured, the pressures being applied lying in the range of 5 to 25 t/cm?.

Relative to the mass of the metallic particles, the joint mass of the binders expediently
amounts to 2-8 percent by weight. This ensures an adequate binding action combined

with a high density of the core owing to a high flake content.



At 100 Hz and a modulation of 0.1 T, the finished magnet core had a
permeability of 55 and hysteresis losses of 1230 mW/cm3. Example 3 Flakes
of an alloy with the composition FebalCullsib3Sits sB7 and a diameter d of
0.08 to 0.12 mm, which had been coated with a phosphate layer, were mixed
in Bt MAGAA 1 oPBCY Ipdydsatubionragivlesith theF q5areé e kss vire Rt @l e
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siloxane resin (Silres MK) as a second binder and with 0.1 percent by weight
of SN as a lubricant. The mix was pressed at pressures of 8 t/cm2 and
temperatures of 180C to produce ring cores. This was followed by heat

tr nt at te tures of 560C for..1 to 4 houyrs.in an inest

a STReS o SN TPV Ay et o SR 30 STt a0 o
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losses of 590 mW/cm3. Example 4 Flakes of an alloy with the composition
FebalCullsib3Sits sB7 and a diameter d of 0.106 to 0.160 mm, which had
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and hardener) as a first binder and 2 percent by weight of a siloxane resin
(SHENgER 8 ¥dond binder and with 0.1 percent by weight of boron
nltrlde as a lubricant. The mix was pressed at pressures of 8 t/cm2 and
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mm, which had been coated with a phosphate layer, were mixed in an
amount of 95.9 percent by weight with 1.5 percent by weight of a phenolic
resiie (BakeltwdRIBgY ar nlieatibnstesrans %Gm%@wnhmwmm edres can
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atmosphere to obtain a nanocrystalline structure. At 100 Hz and a modulatlon
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lopsesctfd/aainvVdasmatibxagngkespring back of the flakes, complex process steps

and the use of expensive materials become unnecessary. On the contrary, it is possible
to use proven binders which are cured in the hot pressing or heat treatment process,

making additional process steps unnecessary.

The powder composite core according to the invention is made of one of the soft
magnetic alloys listed above and is thermostable up to temperatures above 600°C.
Thermostability denotes the ability of the magnet core to maintain its geometry and
not to lose its pressed density as a result of expansion due to spring back even at the

high temperatures listed above.

The magnet core according to the invention comprises decomposition products of an

epoxy or phenolic resin-based polymer and, relative to its total mass, 1-5 percent by



Flakes of an alloy with the composition FebaiSit21312 and a diameter d of
0.06 to 0.2 mm, which had been coateg with a phosphate layer, were mixed
in an amount of 96.3 percent by weight with 1.5 percent by weight of a
phenolic resin (Bakelite SP 309) as a first binder and 2 percent by weight of a
siloRighe dbmaBrrEISMIES e of sardyfill DiarRPAVRIaKIthaCZ aheirea ey avaight
of fiygtoxystearic acid as a lubricant. The mix was pressed at pressures of 9
t/cm2 and temperatures of 190C to produce ring cores. This was followed by
heat treatment at temperatures of 460C for 1 to 4 hours in an inert gas
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FebaiCots iSill314C0 06 and a diameter d of 0.06 to 0.125 mm, which had
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604) as a second binder and with 0.1 percent by weight of zinc stearate as a
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m@ﬁ&é@j?ﬁlé%ﬁ%r@%@@li‘ﬁ'& @afca modulation of 0.1 T, the finished
magnet core had a permeability of 95 and hysteresis losses of 1060
mW/cm3. For comparison, a mix corresponding to example 5 was produced,
buttrinsigiatas dfaheanvenidyaveaightioba ipheasticoedinéBakelite SP 309) and
2.5 percent by weight of polybenzimidazole oligomer, 4 percent by weight of
polybenzimidazole oligomer were added. The mix therefore did not contain
ariyxbin@led curing at low temperatures. It could not be pressed to produce
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In addition, a mix of 95.9 percent by weight of phosphated flakes of the alloy
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M icant was prepared. This mix did contajn any binder .of
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to spring back, and their stre was so low that magnetic m_easu_rements
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permeability and hysteresis losses even from rigid flakes. This means that
even alloys which form rigid flakes can be pressed to produce composite
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62 and hysteresis losses of 754 mW/cm®,

Example 2

Flakes of an alloy with the composition Fep,CuiNb3Siis5B7 and a diameter d of less
than 0.04 mm, which had been coated with a phosphate layer, were mixed in an
amount of 95.9 percent by weight with 2 percent by weight each of a phenolic resin

(Bakelite SP 309) as a first binder and a siloxane resin (Silres MK) as a second binder



11 Patent Claims 1.Method for the production of a magnet core, comprising
the following steps: provision of particlgs of a soft magnetic alloy; mixing the
particles with a first binder having a curing temperature TLHaet and a

decomposition temperature Ti,/ecompose and a second binder having a
curdgMightpbpataeat DY avelald einting sledole poaitin i Jéeatiixavas pressed at

TolESARPOsE yUElRitehl (iR osTeh SR ECTh IRERTBPARE corbe FREAMPOSE:

pressing the mix to produce a magnet core; curing the Tirst binder; heat

tréatioier by fieat Hersmenicreraruaivisa Al b s EiRih§urite Beinergas
bingessphéd RAdEERIMERsdSARAFRIFEANINeal > T2,cure- 2. Method

according to claim 1, characterised in that
At 100 Hz and a modulation of 0.1 T, the finished magnet core had a permeability of
55 and hysteresis losses of 1230 mW/cm?.

Example 3

Flakes of an alloy with the composition FepyCuiNbsSiissB7 and a diameter d of 0.08
to 0.12 mm, which had been coated with a phosphate layer, were mixed in an amount
of 96.4 percent by weight with 1.5 percent by weight of a phenolic resin (Bakelite SP
309) as a first binder and 2 percent by weight of a siloxane resin (Silres MK) as a
second binder and with 0.1 percent by weight of paraffin as a lubricant. The mix was
pressed at pressures of 8 t/cm? and temperatures of 180°C to produce ring cores. This
was followed by heat treatment at temperatures of 560°C for 1 to 4 hours in an inert

gas atmosphere to obtain a nanocrystalline structure.

At 100 Hz and a modulation of 0.1 T, the finished magnet core had a permeability of
71 and hysteresis losses of 590 mW/cm®.

Example 4

Flakes of an alloy with the composition FepyCuiNbsSizs sB7 and a diameter d of 0.106
to 0.160 mm, which had been coated with a phosphate layer, were mixed in an
amount of 96.9 percent by weight with 1 percent by weight of an epoxy resin
(Epicotel1055 and hardener) as a first binder and 2 percent by weight of a siloxane
resin (Silres 604) as a second binder and with 0.1 percent by weight of boron nitride
as a lubricant. The mix was pressed at pressures of 8 t/cm? and temperatures of 180°C
to produce ring cores. This was followed by heat treatment at temperatures of 560°C

for 1 to 4 hours in an inert gas atmosphere to obtain a nanocrystalline structure.

At 100 Hz and a modulation of 0.1 T, the finished magnet core had a permeability of
110 and hysteresis losses of 480 mW/cm?.



the first binder is selected from the group including epoxy and phenolic resins
and epoxydised cyanurates. 3. Method,according to claim 1 or 2,
characterised in that an oligomer polysiloxane resin is selected as a second
binder. 4. Method according to claim 3, characterised in that the second
binder is selected from the group including methyl polysiloxane, phenyl
pqg@'m:ﬁf@ge and methyl phenyl polysiloxane. 5. Method according to claim 3,
characterised in that a polyimide is selected as a second binder. 6. Method

adcaERRY # BllanYAdAe FRERPReN AT :Np:SiissBr and a diameter d of 0.04

to 0.16 mm, which had been coated with a phosphate layer, were mixed in an amount
of 95.9 percent by weight with 1.5 percent by weight of a phenolic resin (Bakelite SP
309) as a first binder and 2.5 percent by weight of polybenzimidazole oligomer as a
second binder and with 0.1 percent by weight of MoS; as a lubricant. The mix was
pressed at pressures of 8 t/cm? and temperatures of 180°C to produce ring cores. This
was followed by heat treatment at temperatures of 560°C for 1 to 4 hours in an inert

gas atmosphere to obtain a nanocrystalline structure.

At 100 Hz and a modulation of 0.1 T, the finished magnet core had a permeability of
120 and hysteresis losses of 752 mW/cm®,

Example 6

Flakes of an alloy with the composition FepySii2B12 and a diameter d of 0.06 to 0.2
mm, which had been coated with a phosphate layer, were mixed in an amount of 96.3
percent by weight with 1.5 percent by weight of a phenolic resin (Bakelite SP 309) as
a first binder and 2 percent by weight of a siloxane resin (Silres MK) as a second
binder and with 0,2 percent by weight of hydroxystearic acid as a lubricant. The mix
was pressed at pressures of 9 t/cm? and temperatures of 190°C to produce ring cores.
This was followed by heat treatment at temperatures of 460°C for 1 to 4 hours in an

inert gas atmosphere to relieve mechanical stresses.

At 100 Hz and a modulation of 0.1 T, the finished magnet core had a permeability of
142 and hysteresis losses of 1130 mW/cm®.

Example 7

Flakes of an alloy with the composition FepyC0151Si1B14Co.0s and a diameter d of 0.06
to 0.125 mm, which had been coated with a phosphate layer, were mixed in an
amount of 95.9 percent by weight with 1.5 percent by weight of a phenolic resin
(Bakelite SP 309) as a first binder and 2.5 percent by weight of a siloxane resin (Silres

604) as a second binder and with 0.1 percent by weight of zinc stearate as a lubricant.



a polybenzimidazole is selected as a second binder. 7. Method according to
any of claims 1 to 6, characterised in t{@t the mixing ratio of the first and
second binders lies within the range between 1:5 and 3:1. 8. Method
according to any of claims 1 to 7, characterised in that the particles are
coBhtedhixitkaapresest ahpresistines ofridempaltst empesaising 001 MetHodraduerding

0 Ay BFLIAMS kA ﬁ‘?éé?‘ﬁga%gﬂ%ﬂ’elﬁge?%@?& 8{%‘%{?0@? 303

added to the mix in powder form prior to pressin Met according to
arfipeBdbamiartges atnegeitieriosel iy eHaearrnisabsrfgsesnder is present in a
melted state at the temperature Ti.

At 100 Hz and a modulation of 0.1 T, the finished magnet core had a permeability of
95 and hysteresis losses of 1060 mW/cm®.

For comparison, a mix corresponding to example 5 was produced, but instead of 1.5
percent by weight of a phenolic resin (Bakelite SP 309) and 2.5 percent by weight of
polybenzimidazole oligomer, 4 percent by weight of polybenzimidazole oligomer
were added. The mix therefore did not contain any binder curing at low temperatures.
It could not be pressed to produce ring cores at pressures between 6 and 10 t/cm? and

temperatures of 180°C.

In addition, a mix of 95.9 percent by weight of phosphated flakes of the alloy
Fez35Nb3sCu;Siss sB7 with a diameter of 0.04 to 0.16 mm, 4 percent by weight of a
phenolic resin (Bakelite SP 309) and 0.1 percent by weight of MoS; as a lubricant was
prepared. This mix did not contain any binder of particularly high thermal stability. It
was pressed at pressures of 8 t/cm? and temperatures of 180°C to produce ring cores.
After 1-4 hours of hear treatment at 560°C in an inert gas atmosphere, the cores were
expanded due to spring back, and their strength was so low that magnetic

measurements were not possible.

These examples indicate that the method according to the invention is capable of
producing highly stable magnet cores with low permeability and hysteresis losses
even from rigid flakes. This means that even alloys which form rigid flakes can be
pressed to produce composite cores, thus permitting the utilisation of their magnetic

properties.



11. Method according to any of claims 1 to 10, characterised in that at least
one of the binders contains a fine-particle mineral filler. 12. Method according
to any of claims 1 to 11, characterised in that further processing aids are
added to the mix. 13. Method according to any of claims 1 to 12,
chaigaténaist in that an amorphous alloy is provided as a soft magnetic alloy.
14. Method according to claim 13, characterised in that 13 the alloy has the
composition MaYA" wherein M is at least one element from the grou

p
inctudin EOINP LA REJIUGHR SRV RR EE: CHRPERINARE FrlRY ke JrBtip
including Brévisiod 6F, patiefesnizaisfitnagsttnaiejement from the group

including Si: Al apd Ge.. and wherein a. 13 and.y ar ified in atomic
percent an Dfr'u%‘%&%%e;a gﬁc‘?&v\l’\r/\'éﬂ@oﬁlﬁ}t?érﬁagr%véxg%l;%%%%e{/ﬁ g A Yer&fiup
to 10 atorrfiBdoefeerinpisiieMEEHEIpOIR ht waay.baTe plsasenddyngerdrsingre
element fr@UﬂiﬁB%ﬁ’f&éﬁQﬂﬁ%ﬂ%iQ%ﬂ ’a\ée&rmbé@itigrﬂlteﬁ{pé}ﬁi’uM%,L%m?}{‘d

w
and up to 10 atomic percent of the (Y+Z) component may be replacei:i’by at
least one ¥ERIAtTrom tHe grsuptinchueity 1ae@mesb und Pb.

- pressing the mix to produce a magnet core;

- curing the first binder;
- heat treatment of the magnet core accompanied by the curing of the second

binder at a heat treatment temperature Tanneal > T2.cure-

2.  Method according to claim 1,
characterised in that
the first binder is selected from the group including epoxy and phenolic resins

and epoxydised cyanurates.

3. Method according to claim 1 or 2,
characterised in that

an oligomer polysiloxane resin is selected as a second binder.

4.  Method according to claim 3,
characterised in that
the second binder is selected from the group including methyl polysiloxane,

phenyl polysiloxane and methyl phenyl polysiloxane.

5. Method according to claim 3,
characterised in that

a polyimide is selected as a second binder.

6.  Method according to claim 3,

characterised in that



15. Method according to claim 13 or 14, characterised in that the heat
treatment is performed at a maximum hgeat treatment temperature Teal of
500C. 16. Method according to any of claims 1 to 12, characterised in that an
alloy capable of nanocrystallisation is provided as a soft magnetic alloy. 17.
Methock RebHieliFg tdaerens sdedhdrscesrond Mingdesat the alloy has the
composition (Fei bCoaNib)100"y z M"ByTz, wherein M is at least one
element from the group including Nb, Ta, Zr, Hf, Ti, V and Mo, wherein T is at

ledst ondeHRHASRIREI Y S TRIREIb & Cr, W, Ru, Rh, Pd, Os, Ir, Pt, Al,
Si, Ge, dBagautkRsedna wherein a, b, x, y and z are specified in atomic percent

and m: L Rl SRS SRR LA RN GRS Ps
and 3:1.

8.  Method according to any of claims 1 to 7,
characterised in that

the particles are coated with at least one of the binders prior to pressing.

9.  Method according to any of claims 1 to 8,
characterised in that

at least one of the binders is added to the mix in powder form prior to pressing.

10. Method according to any of claims 1 to 9,
characterised in that

the second binder is present in a melted state at the temperature Tj.

11. Method according to any of claims 1 to 10,
characterised in that

at least one of the binders contains a fine-particle mineral filler.

12.  Method according to any of claims 1 to 11,
characterised in that

further processing aids are added to the mix.

13. Method according to any of claims 1 to 12,
characterised in that

an amorphous alloy is provided as a soft magnetic alloy.

14. Method according to claim 13,

characterised in that



characterised in that the alloy has the composition (Fei aMa)ioo xyz a p
7CU"SiyBzM'aM"pX7, wherein M is Coand/or Ni, wherein M' is at least one
element from the group including Nb, W, Ta, Zr, Hf, Ti and Mo, wherein M" is
at least one element from the 14 group including V, Cr, Mn, Al, elements of
the platiatayrbasghseonipasitoebtisZAwhereigd &l Rest witerlemext itscn

least ong. eleMARLHAFYIPE AFOME EEIHARG Oy Ret Ralf BnlednBRHNhES.

and wherein a, X, Y, z, &, 13 and y are specified in atomic percent and meet
the foll V¥R eeHEGRs CRB0L leeein £ §s sidsdptameslement e hegreln o

30;0[3 iBubidg1s); APatdetboth@ehRreing g shainhiispicifbiGhatesirRIRadip
that the heat treatment is performed at a heat treatment temperature T.ea, of

480 to BUHEESENMRHRYNS CCBAHHNGSid Ay bF E2ims B 1799 eharatlerised in

that theJmeriirgaioENitshie paoardfithaninem@asnimgirheptcdd biiathod
accordllrégs%%r%n e%eﬂtailml% }aogrzoct)fp 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 und Pb.

15. Method according to claim 13 or 14,
characterised in that
the heat treatment is performed at a maximum heat treatment temperature Tanneal
of 500°C.

16. Method according to any of claims 1 to 12,
characterised in that

an alloy capable of nanocrystallisation is provided as a soft magnetic alloy.

17. Method according to claim 16,
characterised in that
the alloy has the composition (Fe1.a.,C0aNib) 100-x-y-- MxBy T, wherein M is at
least one element from the group including Nb, Ta, Zr, Hf, Ti, V and Mo,
wherein T is at least one element from the group including Cr, W, Ru, Rh, Pd,
Os, Ir, Pt, Al, Si, Ge, C and P, and wherein a, b, x, y and z are specified in
atomic percent and meet the following conditions: 0 <a<0.29; 0<b <0.43; 5

<x<20;10<y<22;0<z<5.

18. Method according to claim 16,
characterised in that
the alloy has the composition (Fe1.aMa)100-x-y-z-a-p-yCUxSiyB,M’M”gX,, wherein
M is Co and/or Ni, wherein M’ is at least one element from the group including

Nb, W, Ta, Zr, Hf, Ti and Mo, wherein M” is at least one element from the



characterised in that the magnet core is pressed at a temperature of 20 to
250C accompanied with curing of the E_I st binder. 22. Method according to
any of claims 1 to 21, characterised in that the magnet core is pressed at a
temperature of 100 to 220C accompanied with curing of the first binder. 23.
MethodESEONGINGIRG Min{oMinaitselemte s of M ateténise amumattie itfagnet
core is Qiessedi 3R Re FRIUNRREIR S0 KT AEEHRRANRIMI LY of

the first binder. 24. Method according to any of claims 1 to 23, characterised
in that ElYHEMadifefei R ple RRUNdr i EeVas 8INS 1 Yoz enfharshy are
MethodaeeasdlintishAD YPEHBIRE0 tBé following conditions: 0 <a < 0.5; 0.1 <

19.

20.

21.

22.

23.

24,

Xx<3;0<y<30;0<z<250<y+2<35;01< a<30;0< B<10;0< y<
10.

Method according to claim 17 or 18,

characterised in that

the heat treatment is performed at a heat treatment temperature Tannear OF 480 t0
600°C.

Method according to any of claims 1 to 19,
characterised in that

the heat treatment is performed in an inert gas atmosphere.

Method according to any of claims 1 to 20,
characterised in that
the magnet core is pressed at a temperature of 20 to 250°C accompanied with

curing of the first binder.

Method according to any of claims 1 to 21,
characterised in that
the magnet core is pressed at a temperature of 100 to 220°C accompanied with

curing of the first binder.

Method according to any of claims 1 to 22,
characterised in that
the magnet core is pressed at a temperature of 150 to 200°C accompanied with

curing of the first binder.

Method according to any of claims 1 to 23,

characterised in that



characterised in that the mass of the binder relative to the mass of the soft
magnetic alloy is 2-8 percent by Weigrh. 26. Method according to any of
claims 1 to 25, characterised in that the particles have the form of flakes. 27.
Method according to claim 26, characterised in that the flakes have an aspect
ratio ofthe [Bagner co inmseserd alceisrawies &f BIIRPAEBT. 27, characterised in
that the flakes have a maximum diameter d of 500 um. 29. Method according

to claim 26 or 27, characterised in that the flakes have a maximum diameter
d 8P-308gthpd according to any of claims 1 to 24,

characterised in that
the mass of the binder relative to the mass of the soft magnetic alloy is 2-8

percent by weight.

26. Method according to any of claims 1 to 25,
characterised in that

the particles have the form of flakes.

27. Method according to claim 26,
characterised in that

the flakes have an aspect ratio of at least 2.

28. Method according to claim 26 or 27,
characterised in that

the flakes have a maximum diameter d of 500 pum.

29. Method according to claim 26 or 27,
characterised in that

the flakes have a maximum diameter d of 300 um.

30. Method according to claim 26 or 27,
characterised in that

the diameter d of the flakes is 50 um < d <200 um.

31. Method according to any of claims 1 to 30,
characterised in that
the particles are pickled prior to pressing in an aqueous or alcohol solution to

apply an electrically insulating coating and then dried.

32. Method according to any of claims 1 to 31,



30. Method according to claim 26 or 27, characterised in that the diameter d
of the flakes is 50 um d 200 um. 31. M hod according to any of claims 1 to
30, characterised in that the particles are pickled prior to pressing in an
agueous or alcohol solution to apply an electrically insulating coating and
then drid@ragieriseditidiahccording to any of claims 1 to 31, 16 characterised
in that the Wﬁ@@%ré‘fﬁo@[&%‘%?@&ﬁrﬁmmm@%iﬂﬁ 6t W_iptﬁ’é $pib heontumigy

foil being made brittle by heat treatment prior to comminution and then
groundrm‘%? @Uﬁfﬁﬁmﬂa treatment prior to comminution and then ground in a

cutting mill.



