1 Description METHOD FOR THE PRODUCTION OF POWDER COMPOSITE CORES AND POWDER
COMPOSITE CORE The invention relates to a methgd for the production of magnetic powder composite
cores pressed from a mix of alloy powder and binder. It further relates to a powder composite core. In
powder composite cores of this type, low hysteresis and eddy-current losses are desired. The powder is
typically supplied®fsatlitdrm of flakes provided by comminuting a soft magnetic strip produced using melt
spinning technology or by means of water atomisation. These flakes may, for example, have the form of
platelets. While flakes of pure iron or iron/nickel agg:ys are so ductile that th%are plastically deformed

under the influedE BRGR %BFF\BE&RB%P&%MQ% I%QMYHE%%Q%DQO&TES Iﬂr:g'?ﬁad\élasity and strength,

flakes or powde o/ raigelvpasi Brd 0BE materials require binders if cores of adequate strength are to
be produced. If the flakes are compacted to form a magnet core using a pressing tool at high pressure, it
may be necessary to prevent the expansion of the core due to spring back of the flakes in the subsequent
relaxation proces§di\eadinyrelaiendes. Mtkoetpaheipadvelitdg e&signatisrpondersicatiesiteduction of the

density of the Coggr&yr YRR friim RIGRIARNAERA SRBHiMABOM: Airthe: TpeRab GYssdarve a minimal

expansion tendency, as in the case of ductile crystalline alloys, mineral binders, for example based on
water-soluble silfORBSIETPHe used. These binders develop their full effect only after the magnet cores
have been dried outside the pressing tool. At this point, the magnet core reaches its final strength. If,

however, the magnet cores tend to expand due to spring hack of the flakes, as is typical for cores made
of rapidly SOy LB D o L ST e s T TR PSR ectve perors the
pressed core is figaiigdednepavdas iDopiFdbiprbesnheormosélakeg pratisiddleywhich cure within the

gress?n_g tool itself ARaHYRiGal Yo HSRLLASRIRAB Srol &S s @gpmﬁ}{ggq@@nq&g@yg,r@ge_ that they are not
sufficiently heat-resistant to allow the magnet core to be heat treated in order to adjust its magnetic
properties. means of water atomisation. These flakes may, for example, have the form of

platelets. 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 strength, flakes or powders of relatively hard and

rigid materials require binders if cores of adequate strength are to be produced. If the

flakes are compacted to form a magnet core using a pressing tool at high pressure, it

may be necessary to prevent the expansion of the core due to spring back of the flakes

in the subsequent relaxation process by adding a binder. This expansion would result

in an undesirable reduction of the density of the core or even in its breaking apart and

destruction.

If the magnet cores have a minimal expansion tendency, as in the case of ductile
crystalline alloys, mineral binders, for example based on water-soluble silicates, can
be used. These binders develop their full effect only after the magnet cores have been
dried outside the pressing tool. At this point, the magnet core reaches its final

strength.

If, however, the magnet cores tend to expand due to spring back of the 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



The invention is therefore based on the problem of specifying a method for the production of a powder
composite core, which allows the production of particijlarly dense and strong magnet cores from alloys
produced in a rapid solidification process. It is further based on the problem of specifying a powder
composite core with particularly good magnetic properties. According to the invention, this problem is
solved by the sudjHisiennapasfresistang palitye Hiepatenttaeieis Peeahtsagtasus Aideidée adivelopment of the
invention form the suiRsicpRiierRiet the dependent patent claims. A method according to the invention for
the production of a magnet core comprises the following steps: First, particles of a soft magnetic alloy are
made available. The particles may be provided by comminuting strip or strip sections produced in a rapid
solidification proTassoemiterizativetioybasehns thé watdtraihrisaiping Emeepaditiethare mixed with a first
binder having a fir ring.jemperature Tick," an a}ilr itiqn temperature T'P(/‘iecompo" and a
second binder h3@?1g&éogg)(fgrpcﬁggﬁhcgﬁnepr%%gr3 l%r’ew i@ggﬁ\%sm}ﬁ%% g%cuc():ﬁl? ndBe?&%r}ﬁﬁ%lgdlon temperature
T2,decor,p0". THenshenststeng sedgaeteostsdiiomaal Ty pieducaiearemid spiddinpinsereotesdecompose. The

mixture is then RigsaGehin BaRISSRIG W%I%P%Gﬁﬁn?‘@ﬁ&ﬁ&&%&n%@iw SbiRIGKRr is cured at a
r

temperature T 111,,"" and the magnet core is removed from the tool. Following this, the magnet core is
heat treated to JAHIUR M SREHEADBRISAHBRE UASile the second binder is cured at a heat treatment
temperature TAnneal > T2,Hart. According to a basic principle of the invention, the heat treatment for

adjusting the magnetic. properties of the core capnot be omitted. This, however, requires a binder of high
thermal atabiity TR B B el e D o S e e TR I b implementes
within the pressiifigeaegsiderbpasans clifiakadvanirgeduafertieedeetanmentprihg ibsentiardfused, a high

strength of the W%ﬁ&??ﬁaﬁ@ﬁoﬂ%@ﬁﬁéﬁ@pﬁ@ﬂ Leifiqee the part is removed from the pressing tool.

The high thermal stability 3 requirements therefore conflict with the desired simple curing conditions for
the binder. Both these requirements can, however, be met by using not a single binder but at least two

binders. The firsphinrgerdacoranietintiibenpeatsinitan piseliciod dhanetereeiase temphigestability of the
pressed part at iEn rpoval fr?m ﬂl}?r res§ig topggn at th .stallit of the Sélbseo‘%&rgt ﬁ:ﬁat treatment. On

r !
the other hand, t 5 ﬂr@f'\gﬂq erdoes noFhave to @ 0Tt Magnetic atloy are made aval ¢
particles may be provided by comminuting strip or strip sections produced in a rapid

solidification process or alternatively by means of water atomisation. The particles are
mixed with a first binder having a first curing temperature Ticure and a first
decomposition temperature T1 gecompose @Nd @ second binder having a second curing
temperature T cure and a second decomposition temperature Ty gecompose- The binders
are selected such that Ty cure < T2,cure < T1,decompose < T2,decompose- T N€ mixture is then
pressed in a pressing tool to produce a magnet core, the first binder is cured at a
temperature T > Ty cure and the magnet core is removed from the tool. Following this,
the magnet core is heat treated to adjust its magnetic properties while the second

binder is cured at a heat treatment temperature Tanneal > T2, Hart.

According to a basic principle of the 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



have a high thermal stability. The second binder cannot be cured in the pressing tool. It is only cured in
the heat treatment process and only then acts as a b‘i)nder. The second binder therefore in a manner of
speaking replaces the first binder at a certain temperature in fulfilling its binding function. In principle, the
use of more than two binders is conceivable. In order to ensure the adequate strength of the core at all
times, the secon@asitiefaeisithece fsectitl dheitihat defiviet epin pasrsscanditiose it Binding action, which
would result in thg,gypansion of the pressed part. The first binder may, for example, be selected from the
group including epoxy and phenolic resins and epoxydised cyanurates. They are cured in the pressing
tool within a very short time at temperatures of 20 to 250C, preferably of 100 to 220C and in particular
between 150 an8&pQesdhejuivencharsaffachdesgr soiffivee by igipieventsinglespansion afdhe pressed part.
P e Rt 2 S RIS, S SlORRL RNRA RSP HER R DRl Pol Slovane,
phenyl polysiloxane an metny pheny poﬁysﬁoxane, ora poP mide or pcﬂybenmmlcfazole, preferably not
fully imidised. Bith@stabdifyoboNpssae ppdpidiorarRyacksimg heamssit aakinpethertasttdtween
approximately 23 a0 RuRANAITeHs AIOR AP SRR BIHEMRSIAYIAa L8N approximately

400C to form a mineral silicate. The hinder has to be selected such that jits annealing residue amounts to
more than 85% OfY&adtieiymakeabiihe RGe<ne MpatARBRG RYER 18 preiet R A98ht. This is
necessary in ordefistongnsurl inahdhediniehednmagost antoigystibicientlys ateinteaffee heat treatment. 4

The mixing ratio.f {hs T and. secend inders areferally s uihin he tapde petwaen 115 and 3:1. The
ratio has to be balanced lo ensure that the s?rengt orth rrPagnet core Is always sufficient even though,

apart from a shoenipaelwaly Hé1bhedés binaindiBpletjons| bipidnatplactierisersifendre benemidinder is "inactive".
Before the pressifgftqsessediggparticles may be coated with at least one of the binders, which may be
dissolved in a solvent. As an 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 the mix prior to pressing.

The second bindernigi@refensiry tayaiefleasranirliobhie teaarraiws the kiabnntinechss, it can in
addition serve ag 3 lbricantdn e pressing process, fracessing aids such, asdybrigants may be added to
the mix. These additives may for examplé include organi€ or inorganic lubricarnts such as waxes, paraffin,
metal stearates, 'esd i rigiekpagsigrifeteries®a phitaddition, at least one of the binders may contain a
fine-particle mineral filler acting as an electrically insulating spacer between individual flakes. In this way,

frequency response can be improved while the eddy-current losses of the core in particular are reduced.
The first binder may, for example, be selécted from the group including epoxy and

phenolic resins and epoxydised cyanurates. They are cured in the pressing tool within
a very short time at temperatures of 20 to 250°C, preferably of 100 to 220°C and in
particular between 150 and 200°C, their binder effect being sufficient to prevent the

expansion of the pressed part.

Possible second binders are, for example, an oligomer polysiloxane resin such as
methyl polysiloxane, phenyl polysiloxane and methyl phenyl polysiloxane, or a
polyimide or polybenzimidazole, preferably not fully imidised. Binders such as
oligomer polysiloxane resins are cured at temperatures between approximately 250
and 300°C by polycondensation and ceramised at temperatures from approximately
400°C to form a mineral silicate. The binder has to be selected such that its annealing
residue amounts to more than 85% of its starting mass at the highest temperature
required for heat treatment. This is necessary in order to ensure that the finished

magnet core is sufficiently stable after heat treatment.



In one embodiment of the invention, an amorphous iron-based alloy is provided as a soft magnetic alloy.
This alloy may have the composition MaYpZ1" Wher%in 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, 13 and y are specified in atomic
percent and medinth@irineviaie dchel fiichandreepgbbmderseipfeablydiss Wohitdheicapescent of the M

component mayjag&placeshhy.at 18RLAN RS8R DE BhHRE e AEAERHNGHEREN i M5 e, M, 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 th&"§IBEIFHRIGAMGRHSEHCIEY BYRY BRI IRRAHJHO8T HEhE AR S hous structure
is retained. Theseatediypdaaitrbmdirg, detvrewaileltighotrobpddois¢lieea ke core of pressing stresses. In an
alternative embodiment, an alloy capable of nanocrystallisation is provided as a soft magnetic alloy. This
alloy may have the composition (Fel a bCoaNib)100x y z M"ByTz is used, wherein M is at least one
element from thégfiarathmplessing MeceTs IRrpaMticies Maxrg Mated/wdifent Fapt endehdiicone element from the

group including G dWs RikidRnd) be@RsbivaLifd: Sivéae AS ANdiEnai: WBBT SiRderdmay ¥eand z are
specified in atomic Ferc_ent and meet the following conditions: 0 a 0.29; 0 b 0.43; 5x20; 10y 22; 0z S. In

an alternative erfRR3EHARE" 08I ELbRSREBIRalde HRAAYEafER PRSIHRIRHIB LR (Pei aMa)ioo xy z
a p7Cu,,SiyBzMaMgpaaé, bividerein pdvisidr doandéandmiwpeioeito pessiag.least one element from the group
including Nb, W, Ta, Zr, Hf, Ti and Mo, wherein M" is at least one element from the group including V, Cr,
Mn, Al, elements of the platinum group, Sc, Y, rare earths, Au, Zn, Sn and Re, wherein X is at least one
element from thd ageegenadlingiergsretsatty aaildite ps aBecliatitiesterpdreitveréimaa, b, hisz, a, 13 and y are

specified in atomig ereant-ARAIMARLINE JOU MG ARTHIgNS:HhE Hoted 1 X 3; 0y 30; 02 25; 0 y+2 35;

0.1a 30;0[3 10;0y 10. 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 arpiaestGapatdssasplsiabricants may be added to the mix. These additives may for
example include organic or inorganic lubricants such as waxes, paraffin, metal
stearates, boron nitride, graphite or MoS,. In addition, at least one of the binders may
contain a fine-particle mineral filler acting as an electrically insulating spacer between
individual flakes. In this way, frequency response can be improved while the eddy-

current losses of the core in particular are reduced.

In one embodiment of the invention, an amorphous iron-based alloy 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-



The magnet core is expediently hot pressed at 150 to 200C while the first binder is cured, the pressures
being applied lying in the range of 5 to 25 t/cm2. Relgtive 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. 6 The method is
particularly useflisfppafibecallity tAedithe oo mraRES St Giaiei sUleipNateEhaferemPerspies attio of at least 2,

which have a pagHalaTYhRIFOHD S T HRGK dRNdRO6Y prebgfiakrssexpediently have a maximum diameter
d of 500 um, preferably of 300 um. A preferred size range for the flakes is 50 um d 200 um. Prior to

pressing, the particles are expediently pickled in an aqueous or alcohol solution to reduce eddy-current
losses by the applisatieratian ehbotiicely, insallajingpabrtofaandrikea it i¥ pepdcicles are typically

produced from ra 'd-s%Ii {fieqlgyiﬁlh% ferm %vgwi%g \%o%egrs(? fﬂ’%@ﬁ@ﬁ?ﬂ&%ﬁ%’f . Before the strip is

magnetic A Y-V . .
processed to produce par iCles it Is expediently ma & then comminuted in a

cutting mill The Mebhdeliausshamigredtiveisraldensdpnefitaseanicirady tetaige rizaledngpuBitéacores can be
produced even fronyfigid Jalpswiiin g Magnelis BreRRIMES: SRMRRARbRIRR IBYiRg_aNS of heat

treatment. Owing\lto the use of two binders which so complement each other in their properties, in

particular in theilYeBtGRyREh@thErflardtahifit, teidReRrbyheetbielitsufid& My stable at any point of

time in its produspeyifRacnstortesirdragainskeert ts iy ciiiaprne back mpohe akes, complex
process steps and the use of expensive materials become unnecessary. On the contrary, it is possible to
use proven bind®&which 28 Ated i 1Ae’rof prassing 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 allﬁys Iiigrg]a%bove nd is tp%rlgn ?‘ﬁ)?%!as%a%[?etgftr%%%ﬁ%?t%”est'ab%\égtﬁgoc' Thermostability

; q ;
denotes the abl|lty%nf% e ma\éenee core 1o mainta geometry a ROt {0 10SE its pressed density as a

result of expansiamdogittongbeind/baak evep &uthsBuyH.Mdipgerahares MMtesdCakoder 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 group including V, Cr, Mn, Al,
elements of the platinum group, Sc, Y, rare earths, Au, Zn, Sn and Re, wherein X is at
least one element from the group including C, Ge, P, Ga, Sb, In, Be und As, and
wherein a, X, Y, z, a, B and 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.



7 weight of the annealing residue of a polysiloxane polymer in a ceramised form as a binder. In an
alternative embodiment, is comprises, relative to its tﬁtal 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 to its

total mass, 1-5 percent by weight of the annealing residue of a polyimide polymer in a fully imidised form.
The magnet cord Recastandgstparitieulavk ety cian rexielesdntie der i lakepdn dvicenponents such as

chokes for correqtiag thRnpvEsRsiR0 (FRCIGREOXERidR W%%@B%ﬂ%%%%%ﬁh@%&kSmOOthing

chokes. Embodiments of the invention are explained in greater detail below. Example 1 Flakes of an alloy
with the composiE##¥balCullSb3sits 5B7C0 12 and a diameter d of 0.04 to 0.08 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 elite SP 309) ag.a first hinder and a siloxane resin (Silres MK) as a
second binder an ev?/@geé.?(geedr'ggnﬁ WAIGATGE @oas'taerg?}graac?f %Sso a T?Jborﬁ%%ﬁ S&ﬁé%régubas pressed at
pressures of 8 t/amnddsirperaRifestiof 18GEitdPoduakci2@) cones. This was followed by heat
treatment at temperatures of 560C 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 62 and
hysteresis losseBriir 18 ArassNGiB. particles are expediently pickled in an aqueous or alcohol

solution to reduce eddy-current losses by the application of an electrically insulating

coating and then dried.

The particles are typically produced from rapid-solidified strip, a term which covers
foil or similar products. Before the strip is processed to produce particles, it is

expediently made brittle by heat treatment and then comminuted in a cutting mill.

The method according to the invention offers the advantage that composite cores can
be produced even from rigid flakes while 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, in particular in their reactivity and thermal stability, that the
magnet core is sufficiently stable at any point of time in its production and is
protected against destruction by the spring 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



Example 2 Flakes of an alloy with the composition FebalCullSb3Sits sB7 and a diameter d of less than
0.04 mm, which had been coated with a phosphate Igyer, 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 8 and with 0.1 percent by weight of zinc stearate as a lubricant. The
mix was pressedvatobi@Ssus ésnspBng dasElismef fepapEHR@AResPTYIB @ toogFatised any edres. This was
followed by heatyrgaiment at temperatures of 560C 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 55 and hysteresis losses of 1230 mW/cm3. Example 3 Flakes of an alloy with the
composition Febialgiudiseh2Gite Bobainckiat, dicomefeises o to Askatannmgswyicpbadivegn coated with a

phosphate layer, w ' g in_an amoun , reent by weight with 1. rcent by weight of a
phenolic resin (é"éﬁ(@rﬁ 5 g?é? Bréﬁgla{gaar?%léy %Igrf(?eﬁoiﬁg‘? E?ep%é!yé]ﬁrs?/gawée% R J%?I%xane 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 UMz R EMREEARHES @bABRGIAArAJL ESiiNeAGHRSs, TS WaNT] py heat

treatment at temperatures of 560C for 1 to 4 hours in an inert gas atmosphere to obtain a nanocrystalline
structure. At 100°H2AMIERIAB SRFME 716t BPY it P FNBREN ARYMTEYFEHIE™ permeability of 71 and

hysteresis losses of 590 mW/cm3.
The magnet core according to the invention can expediently be used in inductive
components such as chokes for correcting the power factor (PFC chokes), in storage

chokes, filter chokes or smoothing chokes.
Embodiments of the invention are explained in greater detail below.

Example 1

Flakes of an alloy with the composition Fe,,CuiNb3SiissB7Co 12 and a diameter d of
0.04 to 0.08 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
and with 0.1 percent by weight of isostearic acid 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

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



Example 4 Flakes of an alloy with the composition FebalCullsib3Sits sB7 and a diameter d of 0.106 to
0.160 mm, which had been coated with a phosphateéayer, were mixed in an amount of 96.9 percent by
weight with 1 percent by weight of an epoxy resin (EpicotellOS5 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 aLWiaht. FEFfEMTY Weilshirelsaiag deaniess &b ae®t/ dhenaiNavasipisesett@tes of 180C to

produce ring corgs [Als YYasIAHOMMEdMIGRIEAIRERE & HRone Ay esred SRCiQr 1 to 4 hours inan

inert gas atmosphere to obtain a nanocrystalline structure. 9 Example 5 Flakes of an alloy with the
composition Fefaltowesh3brat satraews af ABRREELH eP f 6894GA0 1 & hRSUISHICRNRRRItISEEN coated with a

phosphate layer g iyREBHElX RAK AN AR @ 1RR2pRKGRNt 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 MoS2 as a lubricant. The mix was pressed at
pressures of 8 t/an@Danid tehperedulepobil8Qd tthepfoukhed nagneoces: Aadia peasdaldidivyed by heat

treatment at te fo in an inert gas atmosphere to obtain a nanocrystalline
"@ﬁ&ﬁ&“ﬂg&e?és?sﬁl%%es 5@#301&)@

structure. At 100 Hz and a modulation e finished magnet core had a permeability of 120 and

hysteresis losses of 752 mW/cm3. Example 6 Flakes of an alloy with the composition FebaiSit21312 and
a diameter d of @Q69£32 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 WEHRE 8t & 19Mo¥Uh e SOMAESIER Rep4eNPRlissRa hadIRBHFAATS 9% ercent by weight
of hydroxystearicacid asra WHicichat bédrecoasdvaisheresssthat prgssukes mh@d/on2 ansliemperatures of

190C to produce yi ores. This was. fol by heat treatment at temperatur 501.4 for 1 to 4 hours
i an inert gas atheL R e L e A GRS 01 7 e
finished magnet ¥Yeahadirat pirdaeasihpetad Dy oiyisté pestlexaisesiof gD MKV Aem3.

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?.



Example 7 Flakes of an alloy with the composition FebaiCots iSill314C0 06 and a diameter d of 0.06 to
0.125 mm, which had been coated with a phosphateéayer, 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. 10 The mix was pressed at pressures of 9 t/cm2 and temperatures of 190C to
produce ring corggapfhiisgvas followed by heat treatment at temperatures of 450C 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 35 ShELHRY WidEe AeRAstipadiens sl w1 o8B0 RARA RARE R S UdhWarison, a mix
corresponding tacexaénple, winers acbbkeoadatedtviisteatospiate pgrcentleyniveidht of arpbenolic resin
(Bakelite SP 309 2, rcent by weight of polybenzimidazole oliggmer,.4 percen weight of
polybenzimidazo eagl%g ?ﬁcgqﬁg\é\}% c}é@ ﬁalll:}‘neg %%%Pegrve%er' %ﬁﬁ&%ﬁfﬁiﬁ%%%ﬁegg% gﬁring at low
temperatures. It 38 Ieb adirbiedpasssad 2P paserit &Y ingi atirekratypessinidar Yenlisens anal 10 t/cm?2 and

temperatures of é@%.dm@q%mitﬁ M)bé’rfcgrﬁ- @q&,@gpmg@igpg mb?ﬁwljrﬁgerq&%s of _the aIon.Fe73
sNb3CutSits sB7 with a diameter of 0.04 J0 0 16 mm, 4 percent by weight of a phenolic resin (Bakelite SP

309) and 0.1 peRIEFEBFIRESRHISIlS Be s epHesH kRl JRD SR reHHee AR SRl 9ot BSntain any binder

of particularly hi%&h&wm@éﬁzbwéy M PIeeAeH BlUPES §BYEBSCOfR 1/ndhand fiernRsatures of 180C to
produce ring cores. After 1-4 hours of hear treatment at 560C in an inert gas atmosphere, the cores were

expanded due td&HMIBILIE QRGN A aPaHyERIlAE LB'FWEthat magnetic measurements were not

possible. These examples indicate that the method according to the invention is capable of producing

highly stable maﬂi;?éngeén&‘(!atﬁ‘g'@f}qu(&%ﬁ“o%ﬁgi'”rYﬁ’%‘@?i@Xﬁéﬁrr%ai%é?éér%%ga(%@éﬂ%@éﬁiﬂ{g flpkes. This means
that even alloys which form rigid flakes can be pressed 10 produce composite cores, thus permitting the
utilisation of theit2Paghbnisesesisderess.of 752 mwicm®.

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.



11 Patent Claims 1. Powder composite magnet core made of a soft magnetic alloy and being thermally
stable at a temperature T> 600C, wherein the soft mﬁgnetic alloy has the composition MaYrZy, 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, 13 arithg mie wespieksedataresaicep of kit ahenfriestealfsisoliRY Ko Hulitiotisee70 a 85; 520; 0 y

20, wherein up t Oc%igw&ei% |8Mbeo¥'h%9{ﬂ’8&ﬂ?eﬂ(§ E?Mfréﬁﬁ@%g‘iﬁéé%ﬁ%ﬂne element from

the group including T , Mn, Cu, Zr, Nb, Mo, Ta and W and up to 10 atomic percent of the (Y+2)
component may9eredplait 88 gaatalazpspbeie ©lestiers memmatiealfisrssemcluding In, Sn, Sb und Pb. 2.
Powder composite magnet core made of a soft magnetic alloy and being thermally stable at a
temperature T> 600C, wherein the soft magnetic alloy has the composition (Fel a bCoaNib) too xy z
MxByTz, whereifhii4e Hz etz pRaultiAneHtrb i e EHERY MRnGheg RIBPErAPY MedRIHY ©F and Mo, wherein
T is at least one ®anmentsteossishasgsafa dsolodinonr, W, Ru, Rh, Pd, Os, Jr, 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;02zS. 3. Powder composite magnet core made of a soft magnetic alloy
and being thermedycompid N adtBwsersasnentisy GOCRAMHe Feivhssodupeth Aghietieadiohlias the

composition (FepaMatiee Wy Bf AoHerRYB AN éﬂéﬁ%é%gﬁﬂu M dpEr@ans Aehihrsherein 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 th@YYSER7IAY %%WQ@P?M%P?(Eeﬂfé}%%fg%f)fr@lﬁpﬂmwﬂ'\d@%@ﬂ"99',“‘?{ rare earths, Au,
Zn, Sn and Re, wheredided. iTrat idashiooreleineot Jontaiikegsnderiogtngdiagléw Sepétatta@s. Sb, In, Be und
As, and whereinlg 13 and.y are specified in ajomic percent an %%eltot%rﬁ@g%ving conditions: 0

A Lo et e R

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.



4. Powder composite magnet core according to any of claims 1 to 3, characterised in that it comprises
decomposition products of an epoxy or phenolic resiﬁfbased polymer and, relative to its total mass, 1-5
percent by weight of the annealing residue of a polysiloxane polymer in a ceramised form. 5. Powder
composite magnet core according to any of claims 1 to 3, characterised in that it comprises
decomposition pré@ottdaian epoxy or phenolic resin-based polymer and, relative to its total mass, 1-5
percent by weight of the annealing residue of a polyimide polymer in a ceramised form. 6. Powder
composite magnet core according to any of claims 1 to 3, characterised in that it comprises

decomposition ptoduEGELFPERERESPIMEREAIE Peadn 40K PBYIRLS AIRY #M W10 its total mass, 1-5

percent by weight of theraangaling: 2 sicimepofa Rofyinsote @olyseinithea ol ynagidisesl itgrm. 7. Inductive
component with a magnet core according to_any of claims %ﬁo 6, 8. Inductiv%conhponent according to
i g

claim 7, characterisedn FSAARBOFIHOR MY sGmBBHER M 'S ¥HERE 98F Bl5FPEREHEHES A factor.

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<pB<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 und Pb.

2. Powder composite magnet core made of a soft magnetic alloy and being
thermally stable at a temperature T > 600°C, wherein the soft magnetic alloy
has the composition (Fe1.atC0aNip) 100-x-y-- MxBy Tz, 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.

3. Powder composite magnet core made of a soft magnetic alloy and being
thermally stable at a temperature T > 600°C, wherein the soft magnetic alloy
has the composition (Fe1.aMa)100-x-y-z-o-pyCUxSiyB,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 group
including V, Cr, Mn, Al, elements of the platinum group, Sc, Y, rare earths, Au,
Zn, Sn and Re, wherein X is at least one element from the group including C,
Ge, P, Ga, Sb, In, Be und As, and wherein a, X, Y, z, a, B and 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.



9. Inductive component according to claim 7, characterised in that the inductive component is a storage
choke. 10. Inductive component according to claim 4 characterised in that the inductive component is a
filter choke. 11. Inductive component according to claim 7, 13 characterised in that the inductive
component is a smoothing choke.

4.  Powder composite magnet core according to any of claims 1 to 3,
characterised in that
it comprises decomposition products of an epoxy or phenolic resin-based
polymer and, relative to its total mass, 1-5 percent by weight of the annealing

residue of a polysiloxane polymer in a ceramised form.

5. Powder composite magnet core according to any of claims 1 to 3,
characterised in that
it comprises decomposition products of an epoxy or phenolic resin-based
polymer and, relative to its total mass, 1-5 percent by weight of the annealing

residue of a polyimide polymer in a ceramised form.

6.  Powder composite magnet core according to any of claims 1 to 3,
characterised in that
it comprises decomposition products of an epoxy or phenolic resin-based
polymer and, relative to its total mass, 1-5 percent by weight of the annealing

residue of a polyimide polymer in a fully imidised form.
7. Inductive component with a magnet core according to any of claims 1 to 6.

8.  Inductive component according to claim 7,
characterised in that

the inductive component is a choke for correcting the power factor.

9.  Inductive component according to claim 7,
characterised in that

the inductive component is a storage choke.
10. Inductive component according to claim 7,
characterised in that

the inductive component is a filter choke.

11. Inductive component according to claim 7,
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characterised in that

the inductive component is a smoothing choke.



